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Description

[Technical Field]

[0001] Various embodiments of the present disclosure relate to an image processing apparatus and an image process-
ing method thereof and, more particularly, to an image processing apparatus for rendering an image and an image
processing method thereof.

[Background Art]

[0002] An omnidirectional image camera system refers is capable of photographing a 360-degree omnidirectional
image with reference to a fixed viewpoint. The omnidirectional image includes a view from a user’s perspective while
rotating in place and while looking up and down.
[0003] The omnidirectional image camera system may be equipped with a special type of mirror, e.g., a hyperboloid
mirror, and/or a special lens, e.g., as a fisheye lens, and/or may use multiple cameras to photograph the omni directional
image.
[0004] Currently, schemes are being researched for more efficiently compressing an omnidirectional image using a
conventional video codec, such as MPEG-4 or H.264. Atypical method reduces the data amount of a compressed image
by mapping an omnidirectional image to another two-dimensional plane image. Examples of such an omnidirectional
image mapping method include a Cartographical Projection method and a Polygonal Projection method, which perform
a two-dimensional plane mapping by considering a camera property, such as a calibration parameter.
[0005] Herewith reference is made to prior-art document EP 3419301 A1, which is considered to constitute the closest
prior-art and from which the present disclosure may be distinguished by at least the features specified in the characterising
portion of the appended independent claims.
[0006] Further documents considered to be comprised in the state of the art are US 5923334 A and US 2009/123088 A1.

[Disclosure of Invention]

[Technical Problem]

[0007] However, because an omnidirectional image is an image photographed in all directions and has a very large
file size, the above-described compression method alone cannot sufficiently solve the overload of a system for transmitting
or receiving the image (e.g., an excessive use of bandwidth resources, and the increase of image processing speed).
[0008] In addition, distortion occurs when mapping an image of a three-dimensional space included in an omnidirec-
tional image to a two-dimensional plane image.
[0009] Accordingly, a need exists for a compression method that minimizes a file size and distortion of the omnidirec-
tional image while maintaining a quality of service (QoS) of the omnidirectional image from a user’s point of view.

[Solution to Problem]

[0010] The present disclosure has been made to address the above-mentioned requirements, and to provide at least
some of the advantages described below. In accordance with an aspect of the present disclosure, an image processing
apparatus is provided exhibiting features specified in the appended first independent apparatus claim.. In accordance
another aspect of the present disclosure, an image processing apparatus is provided exhibiting features specified in the
appended second independent apparatus claim. In accordance with another aspect of the present disclosure, an image
processing method is provided comprising the steps specified in the appended first independent method claim. In
accordance with another aspect of the present disclosure, an image processing method is provided comprising the steps
specified in the appended second independent method claim. 2. The invention is set out in the appended set of claims;
the further examples called embodiments in the description are illustrative examples.
[0011] [Advantageous Effects of Invention]
[0012] Accordingly, an aspect of the present disclosure is to provide an image processing apparatus and method,
which reduce distortion of an image and minimize the use of bandwidth resources in processing an omnidirectional image.

[Brief Description of Drawings]

[0013] The above and other aspects, features, and advantages of certain embodiments of the present disclosure will
be more apparent from the following detailed description taken in conjunction with the accompanying drawings, in which:
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FIG. 1 illustrates a network environment according to an embodiment of the present disclosure;
FIG. 2 illustrates an electronic device according to an embodiment of the present disclosure;
FIG. 3 illustrates a program module according to an embodiment of the present disclosure;
FIG. 4A illustrates an image processing system according to an embodiment of the present disclosure;
FIG. 4B illustrates an image processing process of an image processing system according to an embodiment of the
present disclosure;
FIGs. 5A to 5C illustrate an octahedron projection (OHP)method according to an embodiment of the present dis-
closure;
FIG. 6 illustrates an octahedron to which spherical coordinates are mapped according to an embodiment of the
present disclosure;
FIGs. 7 to 9, 10A to 10C, 11A to 11D, 12A to 12C, 13A, 13B, and 14 illustrate a method in which each face of an
octahedron is arranged on a two-dimensional image according to an embodiment of the present disclosure;
FIGs. 15A and 15B illustrate a method of setting a padding area according to an embodiment of the present disclosure;
FIGs. 16A to 16C illustrate a method of setting a padding area according to an embodiment of the present disclosure;
FIG. 17 illustrates an image processing apparatus according to an embodiment of the present disclosure;
FIGs. 18A to 18C illustrate attributes of an arrangement of a plurality of areas of an input frame according to an
embodiment of the present disclosure;
FIGs. 19A to 19D illustrate a rendering method according to an embodiment of the present disclosure;
FIG. 20 illustrates an image processing apparatus according to an embodiment of the present disclosure;
FIG. 21 illustrates a rendering method of an image processing system according to an embodiment of the present
disclosure;
FIG. 22 illustrates an image processing apparatus according to an embodiment of the present disclosure;
FIG. 23 illustrates an image processing apparatus according to an embodiment of the present disclosure;
FIG. 24 illustrates an image processing apparatus according to an embodiment of the present disclosure;
FIG. 25 illustrates an image processing system according to an embodiment of the present disclosure; and
FIG. 26 is a flow chart illustrating an image processing method according to an embodiment of the present disclosure.

Mode for the Invention

[0014] Hereinafter, various embodiments of the present disclosure will be described with reference to the accompanying
drawings. However, there is no intent to limit the present disclosure to the particular forms disclosed herein; rather, the
present disclosure should be construed to cover various modifications, equivalents, and/or alternatives of embodiments
of the present disclosure.
[0015] In describing the drawings, similar reference numerals may be used to designate similar constituent elements.
[0016] The terms and expressions used in the present disclosure are used to describe specific embodiments, and are
not intended to limit the present disclosure. Accordingly, a singular expression may include a plural expression unless
they are definitely different within the context.
[0017] Unless defined otherwise, all terms used herein, including technical and scientific terms, have the same mean-
ings as those commonly understood by a person of ordinary skilled in the art to which the present disclosure pertains.
Terms, such as those defined in a generally used dictionary, may be interpreted to have the same meanings as their
contextual meanings in the relevant field of art, and are not to be interpreted to have ideal or excessively formal meanings
unless clearly defined as such in the present disclosure. In some cases, even terms defined in the present disclosure
should not be interpreted to exclude embodiments of the present disclosure.
[0018] Herein, the expressions "have", "may have", "include", and "may include" refer to the existence of a corre-
sponding feature (e.g., a numeral, a function, an operation, or a constituent element such as a component), and do not
exclude one or more additional features.
[0019] The expressions "A or B", "at least one of A or/and B", and "one or more of A or/and B" may include all possible
combinations of the items listed. For example, these expressions may include (1) at least one A, (2) at least one B, or
(3) both at least one A and at least one B.
[0020] The expressions "a first", "a second", "the first", and "the second" may modify various components regardless
of an order and/or importance the components but do not limit the corresponding components. For example, a first user
device and a second user device indicate different user devices, although both are user devices. For example, a first
element may be referred to as a second element, and similarly, a second element may be referred to as a first element
without departing from the scope of the present disclosure.
[0021] When an element (e.g., a first element) is referred to as being (operatively or communicatively) "connected,"
or "coupled," to another element (e.g., a second element), the first element may be directly connected or coupled directly
to the second element or another element (e.g., a third element) may be interposed there between. In contrast, when
the first element is referred to as being "directly connected," or "directly coupled" to the second element, no elements
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are interposed there between.
[0022] The expression "configured to" may be interchangeably used with the expression "suitable for", "having the
capability to", "designed to", "adapted to", "made to", or "capable of". The expression "configured to" does not necessarily
imply "specifically designed to" in hardware. For example, in some situations, the expression "a device configured to"
may indicate that the device, together with other devices or components, "is able to". As another example, the phrase
"processor adapted (or configured) to perform A, B, and C" may indicate a dedicated processor (e.g., an embedded
processor) only for performing the corresponding operations or a generic-purpose processor (e.g., a central processing
unit (CPU) or an application processor (AP)) that can perform the corresponding operations by executing one or more
software programs stored in a memory device.
[0023] An electronic device according to an embodiment of the present disclosure may include a smart phone, a tablet
Personal Computer (PC), a mobile phone, a video phone, an electronic book reader (e-book reader), a desktop PC, a
laptop PC, a netbook computer, a workstation, a server, a Personal Digital Assistant (PDA), a Portable Multimedia Player
(PMP), a MPEG-1 audio layer-3 (MP3) player, a mobile medical device, a camera, and a wearable device. For example,
the wearable device may include an accessory type device (e.g., a watch, a ring, a bracelet, an anklet, a necklace, a
glasses, a contact lens, or a Head-Mounted Device (HMD)), a fabric or clothing integrated type (e.g., an electronic
clothing), a body-mounted type (e.g., a skin pad, or tattoo), and a bio-implantable type (e.g., an implantable circuit).
[0024] An electronic device may be a home appliance, such as a television, a Digital Video Disk (DVD) player, an
audio, a refrigerator, an air conditioner, a vacuum cleaner, an oven, a microwave oven, a washing machine, an air
cleaner, a set-top box, a home automation control panel, a security control panel, a TV box (e.g., Samsung HomeSync™ ,
Apple TV™, or Google TV™), a game console (e.g., Xbox™ and PlayStation™), an electronic dictionary, an electronic
key, a camcorder, and an electronic photo frame.
[0025] An electronic device may include a medical device (e.g., a portable medical measuring device, such as a blood
glucose monitoring device, a heart rate monitoring device, a blood pressure measuring device, a body temperature
measuring device, etc.), a Magnetic Resonance Angiography (MRA) device, a Magnetic Resonance Imaging (MRI)de-
vice, a Computed Tomography (CT) machine, and an ultrasonic machine), a navigation device, a Global Positioning
System (GPS) receiver, an Event Data Recorder (EDR), a Flight Data Recorder (FDR), a Vehicle Infotainment Device,
an electronic device for a ship (e.g., a navigation device for a ship, and a gyro-compass), avionics, a security device,
an automotive head unit, a robot for home or industry, an automatic teller machine (ATM), a point of sales (POS) device,
or an Internet of things (IoT)device (e.g., a light bulb, a sensor, electric or gas meter, a sprinkler device, a fire alarm, a
thermostat, a streetlamp, a toaster, a sporting goods, a hot water tank, a heater, a boiler, etc.).
[0026] An electronic device may also include at least one of a part of furniture or a building/ structure, an electronic
board, an electronic signature receiving device, a projector, and various kinds of measuring instruments (e.g., a water
meter, an electric meter, a gas meter, and a radio wave meter).
[0027] An electronic device may also be a flexible device.
[0028] An electronic device may be a combination of two or more of the aforementioned devices.
[0029] Of course, an electronic device according to an embodiment of the present disclosure is not limited to the
above-mentioned devices, and may include a new electronic device according to the development of new technologies.
[0030] Herein, the term "user" may refer to a person who uses an electronic device or an apparatus(e.g., an artificial
intelligence electronic device) using an electronic device.
[0031] FIG. 1 illustrates a network environment according to an embodiment of the present disclosure.
[0032] Referring to FIG. 1, an electronic device 101 includes a bus 110, a processor 120, a memory 130, an image
processing module 140, an input/output interface 150, a display 160, and a communication interface 170. Alternatively,
the electronic device 101 may omit at least one of the above elements or may further include other elements.
[0033] The bus 110 may include a circuit that interconnects the components 120 to 170 and delivers a communication
signal (e.g., a control message and/or data) between the components 120 to 170.
[0034] The processor 120 may include one or more of a CPU, an AP, a communication processor (CP), or an image
signal processor (ISP). For example, the processor 120 may perform control, image signal processing, and/or data
processing or operation relating to the communication of at least one other element of the electronic device 101.
[0035] When the ISP is included in the processor 120, the processor 120 may acquire an omnidirectional image. The
processor 120 may map the omnidirectional image to a two-dimensional image using, e.g., an OHP method. The proc-
essor 120 may generate metadata using coordinates values when an omnidirectional image is mapped to a two-dimen-
sional image. The processor 120 may map an omnidirectional image to each face of an octahedron, and map each face
of the octahedron to which the omnidirectional image is mapped to a two-dimensional image. The processor 120 may
match the coordinates of the vertices of the respective faces of the octahedron and the vertex coordinates of the mapped
two-dimensional image, and may generate metadata based on the information.
[0036] Although the omnidirectional image is described as being mapped to the octahedron herein, the matching
object of the omnidirectional image is not limited to the octahedron. For example, the processor 120 may map an
omnidirectional image to an octahedron, and then map each face of the mapped octahedron to a two-dimensional image.
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In this case, each face of the octahedron may be an isosceles triangle or a triangle having no pair of equilateral sides
(in which a pair of equal sides does not exist). As another example, the processor 120 may map an omnidirectional
image to each face of a polyhedron with 16 faces, and map some of the areas included in the faces of the mapped
polyhedron with 16 faces to a two-dimensional image. The processor 120 may match each vertex of the octahedron or
the polyhedron with 16 faces and each vertex of the two-dimensional image, and generate metadata based on the
information.
[0037] The processor 120 may transmit the mapped two-dimensional image and metadata to other configurations or
other external apparatus through the communication interface 170 or the input/output interface 150. Alternatively, the
processor 120 may store at least one of the mapped two-dimensional image and the metadata in the memory 130.
[0038] The processor 120 may perform rendering based on the two-dimensional image and metadata to which the
omnidirectional image is mapped. The processor 120 may receive the mapped two-dimensional image and metadata
from other configurations through the input/output interface 150, and receive the mapped two-dimensional image and
metadata from the external device through the communication interface 170.
[0039] The processor 120 may perform rendering using the mapped two-dimensional image. Specifically, the processor
120 may determine the type of a polyhedron included in an output frame to be rendered based on type information
included in metadata. The processor 120 may render the mapped two-dimensional image based on subtype information
included in metadata as an output frame.
[0040] The processor 120 may map a plurality of areas included in the mapped two-dimensional image to each face
of a polyhedron included in the output frame to perform rendering. In this case, the processor 120 may determine positions
and directions in which a plurality of areas included in the mapped two-dimensional image are mapped to respective
faces of the polyhedron included in the output frame based on the matching information included in the metadata, and
map the plurality of areas to respective faces of the polyhedron included in the output frame based on the determined
position and direction.
[0041] When performing the above-described rendering, the processor 120 may consider the direction of a user’s line
of sight. The processor 120 may determine a field of view (FOV) based on the direction of the user’s line of sight, and
render an area corresponding to the FOV as an output frame. The processor 120 may determine some areas of the
mapped two-dimensional image corresponding to the FOV, based on the FOV. In this case, the processor 120 may map
the determined some areas to each face of the polyhedron, and perform rendering thereof.
[0042] The memory 130 may include a volatile and/or non-volatile memory. The memory 130 may store instructions
or data relevant to at least one other element of the electronic device 101. The memory 130 may store software and/or
a program 180. The program 180 includes a kernel 181, middleware 183, an application programming interface (API)
185, and application programs (or "applications") 187. At least one of the kernel 181, the middleware 183, and the API
185 may be referred to as an operating system (OS).
[0043] The memory 130 may store metadata and/or compressed or uncompressed image data in an area designated
by the processor 120. For example, the memory 130 may store metadata as at least a part of a target image.
[0044] The memory 130 may read the image (i.e., a two-dimensional image to which an omnidirectional image is
mapped) and/or metadata, stored in the designated area, in response to the request of the processor 120, and provide
the same to the processor 120.
[0045] The electronic device 101 may separately include an image processing module 140 when the processor 120
does not include an ISP. In this case, the image processing module 140 may perform the operations by the processor
120 instead of the processor 120.
[0046] Although FIG. 1 illustrates the image processing module 140 independent of the processor 120 and the memory
130, the present disclosure is not limited thereto. The image processing module 140 may be integrated with the processor
120, or may be stored in the memory in a software form, and thus, may be embodied in a form that may be executed in
the processor 120. In addition, the image processing module 140 may be implemented in the processor 120 and the
memory 130 in a distributed manner. In this case, the image processing module 140 may perform an operation of
generating metadata and the processor 120 may perform mapping of an omnidirectional image to a two-dimensional
image.
[0047] The kernel 181 may control or manage the system resources (e.g., the bus 110, the processor 120, the memory
130, etc.) that are used to execute operations or functions implemented in the other programs (e.g., the middleware
183, the API 185, and the applications 187. The kernel 181 may provide an interface through which the middleware 183,
the API 185, or the applications 187 may access the individual elements of the electronic device 101 to control or manage
the system resources.
[0048] The middleware 183 may function as an intermediary for allowing the API 185 or the applications 187 to
communicate with the kernel 181 to exchange data.
[0049] The middleware 183 may also process one or more task requests, which are received from the applications
187, according to priorities thereof. For example, the middleware 183 may assign priorities for using the system resources
(e.g., the bus 110, the processor 120, the memory 130, etc.) of the electronic device 101 to one or more of the applications
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187. The middleware 183 may process one or more task requests according to the priority assigned to at least one
application program, in order to perform scheduling or load balancing on the one or more task requests.
[0050] The API 185, which is an interface through which the applications 187 control functions provided from the kernel
181 or the middleware 183, may include at least one interface or function (e.g., instruction) for file control, window control,
image processing, text control, etc.
[0051] The input/output interface 150 may function as an interface that can forward instructions or data, which are
input from a user or an external device, to the other element(s) of the electronic device 101. The input/output interface
150 may output instructions or data, which are received from the other element(s) of the electronic device 101, to the
user or the external device. For example, the input/output interface 150 may include a plurality of image sensors having
different characteristics. The input/output interface 150 may transmit images photographed by a plurality of image sensors
to the image processing module 140, the memory 130, the display 160, the communication interface 170, etc., through
the bus 110. The photographed images may have different image characteristics due to differences in characteristics
of the image sensor, conditions set for photographing, etc.
[0052] Examples of the display 160 may include a liquid crystal display (LCD), a light-emitting diode (LED) display,
an organic LED (OLED) display, a micro electromechanical systems (MEMS) display, and/or an electronic paper display.
The display 160 may display a rendered output frame or display a preview image.
[0053] The communication interface 170 may configure communication between the electronic device 101 and a first
external electronic device 102, a second external electronic device 104, and/or a server 106. The communication interface
170 may be connected to a network 162 through wireless or wired communication to communicate with the second
external electronic device 104 and/or the server 106.
[0054] The wireless communication may use, for example, at least one of long term evolution (LTE), LTE-Advance
(LTE-A), code division multiple access (CDMA), wideband CDMA (WCDMA), universal mobile telecommunications
system (UMTS), WiBro (Wireless Broadband), global system for mobile communications (GSM),etc., as a cellular com-
munication protocol. In addition, the wireless communication includes short range communication 164. The short range
communication 164 may include Wi-Fi, Bluetooth, near field communication (NFC), magnetic stripe transmission (MST),
ZigBee, etc. The wireless communication may use a global positioning system (GPS) or a global navigation satellite
system (GNSS).
[0055] The wired communication may include a universal serial bus (USB), a high definition multimedia interface
(HDMI), recommended standard 232 (RS-232), and a plain old telephone service (POTS).
[0056] The network 162 may include at least one of a communication network, such as a computer network (e.g., a
local area network (LAN) or a wide area network (WAN)), the Internet, and a telephone network.
[0057] Each of the first and second external electronic devices 102 and 104 may be of a type identical to or different
from that of the electronic device 101.
[0058] The server 106 may include a group of one or more servers.
[0059] All or some of the operations performed in the electronic device 101 may be performed in the electronic devices
102 and 104 and/or the server 106. For example, when the electronic device 101 has to perform some functions or
services, automatically or in response to a request, the electronic device 101 may request the electronic device 102 or
104 and/or the server 106 to perform at least some functions relating thereto instead of, or in addition to, performing the
functions or services by itself. The electronic device 102 or 104 and/or the server 106 may perform the requested
functions or the additional functions and may transfer the execution result to the electronic device 101. The electronic
device 101 may provide the received result as it is, or may additionally process the received result to provide the requested
functions or services. To this end, cloud computing, distributed computing, or client-server computing technology may
be used.
[0060] FIG. 2 illustrates an electronic device according to an embodiment of the present disclosure.
[0061] Referring to FIG. 2, the electronic device includes a processor 210, a communication module 220, a subscriber
identification module (SIM) 224, a memory 230, a sensor module 240, an input device 250, a display 260, an interface
270, an audio module 280, a camera module 291, a power management module 295, a battery 296, an indicator 297,
and a motor 298.
[0062] The processor 210 may control a plurality of hardware or software elements connected thereto and may perform
various data processing and operations by driving an operating system or an application program. The processor 210
may be embodied as a system on chip (SoC). The processor 210 may include a graphic processing unit (GPU) and/or
an ISP. The processor 210 may also include at least some of the other elements illustrated in FIG. 2(e.g., a cellular
module 221). The processor 210 may load, into a volatile memory, instructions or data received from at least one (e.g.,
a non-volatile memory) of the other elements and process the same, and may store various pieces of data in a non-
volatile memory.
[0063] The processor 210 may be configured such that all of the operations performed by the processor 120 and/or
the image processing module 140, described with reference to FIG. 1, are performed.
[0064] The communication module 220 includes the cellular module 221, a Wi-Fi module 223, a BT module 225, a
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GNSS module 227, an NFC module 228, and a radio frequency (RF) module 229.
[0065] The cellular module 221 may provide a voice call, a video call, a text message service, an Internet service,
etc., through a communication network. The cellular module 221 may identify or authenticate an electronic device in the
communication network by using the SIM224. The cellular module 221 may perform at least some of the functions that
the processor 210 may provide. The cellular module 221 may also include a CP.
[0066] Each of the Wi-Fi module 223, the BT module 225, the GNSS module 227, and the NFC module 228 may
include a processor for processing data transmitted/received through the corresponding module. At least two of the
cellular module 221, the Wi-Fi module 223, the Bluetooth module 225, the GNSS module 227, and the NFC module 228
may be included in a single integrated chip (IC) or IC package.
[0067] The RF module 229 may transmit/receive a communication signal (e.g., an RF signal). The RF module 229
may include a transceiver, a power amplifier module (PAM), a frequency filter, a low noise amplifier (LNA), an antenna,
etc. At least one of the cellular module 221, the Wi-Fi module 223, the Bluetooth module 225, the GNSS module 227,
and the NFC module 228 may transmit/receive an RF signal through a separate RF module.
[0068] The communication module 220 may be configured such that the operations performed by the communication
interface 170 in FIG. 1 can be performed therein. That is, the communication module 220 may make a request for
compression of a target image to an external electronic device in response to the control from the processor 210. To
this end, the communication module 220 may provide a target image (e.g., a two-dimensional image to which an omni-
directional image is mapped) and/or metadata corresponding to the target image to the external electronic device. The
communication module 220 may receive a compressed image provided from the external electronic device, and transmit
the received compressed image to the processor 210.
[0069] The SIM 224 may include a card and/or an embedded SIM, and may contain unique identification information
(e.g., an integrated circuit card identifier (ICCID)) or subscriber information (e.g., an international mobile subscriber
identity (IMSI)).
[0070] The memory 230 includes an internal memory 232 and an external memory 234. The memory 230 may record,
in a designated area, a target image and/or metadata corresponding to the target image in response to the control of
the processor 210. The memory 230 may read a specific target image and/or metadata corresponding to the specific
target image in response to the control of the processor 210, and provide the read specific target image and/or metadata
corresponding to the specific target image to the processor 210.
[0071] The internal memory 232 may include a volatile memory (e.g., a dynamic random access memory (DRAM), a
static RAM (SRAM), a synchronous DRAM (SDRAM), etc.) and a non-volatile memory (e.g., a onetime programmable
read only memory (OTPROM), a programmable ROM (PROM), an erasable and programmable ROM (EPROM), an
electrically erasable and programmable ROM (EEPROM), a mask ROM, a flash ROM, a flash memory (e.g., a NAND
flash memory, a NOR flash memory, etc.), a hard disc drive, a solid state drive (SSD), etc.).
[0072] The external memory 234 may further include a flash drive, a compact flash (CF), a secure digital (SD), a micro
secure digital (Micro-SD), a mini secure digital (Mini-SD), an extreme digital (xD), a multi-media card (MMC), a memory
stick, etc. The external memory 234 may be functionally and/or physically connected to the electronic device through
various interfaces.
[0073] The sensor module 240 may measure a physical quantity or detect the operating state of the electronic device,
and may convert the measured or detected information into an electrical signal. The sensor module 240 includes a
gesture sensor 240A, a gyro sensor 240B, a pressure sensor 240C, a magnetic sensor 240D, an acceleration sensor
240E, a grip sensor 240F, a proximity sensor 240G, a color sensor 240H (e.g., a red, green, and blue (RGB) sensor),
a biometric sensor 2401, a temperature/humidity sensor 240J, an illumination sensor 240K, and a ultraviolet (UV) sensor
240M. Additionally or alternatively, the sensor module 240A may include an E-nose sensor, an electromyography (EMG)
sensor, an electroencephalogram (EEG) sensor, an electrocardiogram (ECG) sensor, an Infrared (IR) sensor, an iris
sensor, and/or a fingerprint sensor. The sensor module 240 may further include a control circuit for controlling one or
more sensors included therein. The electronic device may further include a processor, which is configured to control the
sensor module 240, as a part of the processor 210 or separately from the processor 210 in order to control the sensor
module 240 while the processor 210 is in a sleep state.
[0074] The input device 250 includes a touch panel 252, a (digital) pen sensor 254, a key 256, and an ultrasonic input
unit 258. The touch panel 252 may use at least one of a capacitive type, a resistive type, an infrared type, and an
ultrasonic type. The touch panel 252 may further include a control circuit. The touch panel 252 may further include a
tactile layer and may provide a tactile response to the user.
[0075] The (digital) pen sensor 254 may include a recognition sheet which is a part of the touch panel or is separated
from the touch panel.
[0076] The key 256 may include a physical button, an optical key, or a keypad.
[0077] The ultrasonic input device 258 may detect ultrasonic waves, which are generated by an input tool, through a
microphone 288 and may identify data corresponding to the detected ultrasonic waves.
[0078] The display 260 includes a panel 262, a hologram device 264, anda projector 266.
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[0079] The panel 262 may include the same or a similar configuration to the display 160 illustrated in FIG. 1. The panel
262 may be implemented to be flexible, transparent, and/ or wearable. The panel 262, together with the touch panel
252, may be implemented as one module.
[0080] The panel 262 may include at least one sensor. For example, the panel 262 may include a pressure sensor
(or force sensor). The pressure sensor may be a sensor capable of measuring the intensity of a pressure with respect
to a user’s touch. The pressure sensor may be implemented with the touch panel 252 in an integrated manner, or may
be implemented as one or more sensors separately from the touch panel 252.
[0081] The hologram device 264 may show a three dimensional image in the air by using an interference of light.
[0082] The projector 266 may display an image by projecting light onto a screen. The screen may be located, for
example, in the interior of, or on the exterior of, the electronic device.
[0083] The display 260 may further include a control circuit for controlling the panel 262, the hologram device 264,
and/or the projector 266.
[0084] The interface 270 includes an HDMI 272, a USB 274, an optical interface 276, and a D-subminiature (D-sub)
278. Additionally or alternatively, the interface 270 may include a mobile high-definition link (MHL) interface, a secure
digital (SD) card/ multi-media card (MMC) interface, and/or an infrared data association (IrDA) standard interface.
[0085] The audio module 280 may convert a sound into an electrical signal, and vice versa. The audio module 280
may process sound information that is input or output through a speaker 282, a receiver 284, earphones 286, the
microphone 288, etc.
[0086] The camera module 291 can photograph a still image and a video. The camera module 291 may include one
or more image sensors (e.g., a front sensor or a back sensor), a lens, an ISP, or a flash (e.g., an LED or xenon lamp).
That is, the camera module 291 may include a plurality of image sensors having different characteristics. The different
characteristics may be requirements for determining characteristics of the photographed image, and be characteristics
related to the type (black and white, color, etc.), the resolution, the angle of view of an image, etc.
[0087] The power management module 295 may manage the power of the electronic device. The power management
module 295 may include a power management IC (PMIC), a charger IC, and/or a battery gauge. The PMIC may have
a wired and/or wireless charging method. Examples of the wireless charging method may include a magnetic resonance
method, a magnetic induction method, an electromagnetic wave method, etc. Additional circuits (e.g., a coil loop, a
resonance circuit, a rectifier, etc.) for wireless charging may be further included. The battery gauge may measure a
residual quantity of the battery 296, and a voltage, a current, or a temperature while charging.
[0088] The battery 296 may include a rechargeable battery and/or a solar battery.
[0089] The indicator 297 may indicate a particular state (e.g., a booting state, a message state, a charging state, etc.)
of the electronic device or a part (e.g., the processor 210) thereof.
[0090] The motor 298 may convert an electrical signal into a mechanical vibration and may generate a vibration, a
haptic effect, etc.
[0091] Although not illustrated, the electronic device may include a processing device (e.g., a GPU) for supporting
mobile TV. The processing unit for supporting the mobile TV may process media data according to a standard, such as
digital multimedia broadcasting (DMB), digital video broadcasting (DVB), MediaFlo™, etc.
[0092] Each of the above-described component elements of hardware according to the present disclosure may be
configured with one or more components, and the names of the corresponding component elements may vary based
on the type of electronic device. An electronic device according to an embodiment of the present disclosure may include
at least one of the aforementioned elements. Some elements may be omitted or other additional elements may be further
included in the electronic device. Also, some elements of the electronic device may be combined into one entity, which
may perform functions identical to those of the corresponding elements before the combination.
[0093] FIG. 3 illustrates a program module according to various embodiments of the present disclosure.
[0094] Referring to FIG. 3, the program module 310 may include an OS that controls resources relating to an electronic
device and/or various applications that are executed in the OS. The operating system may be Android®, iOS®, Windows®,
Symbian®, Tizen ®, Bada®, etc.
[0095] The program module 310 includes a kernel 320, middleware 330, an API 360, and applications 370. At least
some of the program module 310 may be preloaded on the electronic device, may be downloaded from an external
electronic device (e.g., a server), etc.
[0096] Examples of the kernel 320, the middleware 330, the API 360, and the application 370 included in the program
module 310 may be the kernel 181, the middleware 183, the API 185, and the application 187, respectively.
[0097] The kernel 320 includes a system resource manager 321 and a device driver 323. The system resource manager
321 may control, allocate, or retrieve system resources. The system resource manager 321 may include a process
management unit, a memory management unit, or a file system management unit.
[0098] The device driver 323 may include a display driver, a camera driver, a Bluetooth driver, a shared memory driver,
a USB driver, a keypad driver, a Wi-Fi driver, an audio driver, or an inter-process communication (IPC) driver.
[0099] The middleware 330 may provide a function required by the applications 370 in common, or may provide various
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functions to the applications 370 through the API 360 such that the applications 370 can efficiently use limited system
resources within the electronic device. The middleware 330 includes a runtime library 335, an application manager 341,
a window manager 342, a multimedia manager 343, a resource manager 344, a power manager 345, a database
manager 346, a package manager 347, a connectivity manager 348, a notification manager 349, a location manager
350, a graphic manager 351, and a security manager 352.
[0100] The runtime library 335 may include a library module that a compiler uses in order to add a new function through
a programming language while the applications 370 are being executed. The runtime library 335 may perform input/output
management, memory management, the functionality for an arithmetic function, etc.
[0101] The application manager 341 may manage the life cycle of at least one of the applications 370. The window
manager 342 may manage graphical user interface (GUI) resources used on a screen.
[0102] The multimedia manager 343 may identify formats required for reproducing various media files and may encode
or decode a media file using a codec suitable for the corresponding format.
[0103] The resource manager 344 may manage resources, such as the source code, the memory, the storage space,
etc., of at least one of the applications 370.
[0104] The power manager 345 may operate together with a basic input/output system (BIOS) to manage a battery
or power and provide power information required for the operation of the electronic device.
[0105] The database manager 346 may generate, search for, and/or change a database to be used by at least one
of the applications 370.
[0106] The package manager 347 may manage the installation or update of an application that is distributed in the
form of a package file.
[0107] The connectivity manager 348 may manage a wireless connection, such as Wi-Fi, Bluetooth, etc.
[0108] The notification manager 349 may display or notify of an event, such as an arrival message, an appointment,
a proximity notification, etc.
[0109] The location manager 350 may manage the location information of the electronic device.
[0110] The graphic manager 351 may manage a graphic effect to be provided to a user and a user interface relating
to the graphic effect.
[0111] The security manager 352 may provide various security functions required for system security, user authenti-
cation, etc.
[0112] When the electronic device includes a telephone call function, the middleware 330 may further include a te-
lephony manager that manages a voice or a video call function of the electronic device.
[0113] The middleware 330 may include a middleware module that forms a combination of various functions of the
above-described elements. The middleware 330 may provide a module specialized for each type of OS in order to
provide a differentiated function. Further, the middleware 330 may dynamically remove some of the existing elements,
or may add new elements.
[0114] The API 360 is a set of API programming functions, and may be provided with different configurations according
to the OS. For example, with respect to each platform, one API set may be provided for Android® or iOS®, and two or
more API sets may be provided for Tizen®.
[0115] The applications 370 include a home application 371, a dialer application372, a short messaging service/mul-
timedia messaging service(SMS/MMS) application 373, an instant message (IM)application 374, a browser application
375, a camera application 376, an alarm application 377, a contacts application 378, a voice dial application 379, an e-
mail application380, a calendar application 381, a media player application 382, an album application 383, a clock
application 384, etc. The applications 370 may also include a health care application(e.g., an application for measuring
an amount of exercise or a blood glucose level, etc.) or an environmental information application (e.g., an application
providing atmospheric pressure, humidity, or temperature information).
[0116] The applications 370 may also include an information exchange application for supporting information exchange
between an electronic device and an external electronic device. The information exchange application may include a
notification relay application for transferring specific information to an external electronic device or a device management
application for managing an external electronic device.
[0117] The notification relay application may have a function of transferring notification information generated by other
applications of the electronic device 101 (e.g., the SMS/ MMS application 373, the e-mail application 380, the health
care application, or the environmental information application) to the external electronic device. The notification relay
application may receive notification information from the external electronic device and may provide the received noti-
fication information to a user.
[0118] The device management application may manage (e.g., install, delete, and/or update) at least one function of
an external electronic device communicating with the electronic device (e.g., a function of turning on/off the external
electronic device itself (or some components thereof) or a function of controlling the luminance (or a resolution) of the
display), applications operating in the external electronic device, or services provided by the external electronic device
(e.g., a telephone call service and a message service).
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[0119] The applications 370 may include applications designated according to the attributes of an external electronic
device(e.g., a health care application of a mobile medical appliance).
[0120] The applications 370 may include an application received from the external electronic device and/or a preloaded
application or a third party application that may be downloaded from a server. The names of the elements of the program
module 310, according to the embodiment illustrated in the drawing, may vary according to the type of OS.
[0121] At least a part of the programming module 310 may be implemented in software, firmware, hardware, or a
combination of two or more thereof. At least some of the program module 310 may be implemented (e.g., executed) by
a processor (e.g., the processor 210). At least some of the program module 310 may include a module, a program, a
routine, a set of instructions, and/or a process for performing one or more functions.
[0122] Herein, the term "module" may indicate a unit including one of hardware, software, and firmware or a combination
thereof. The term "module" may be interchangeably used with terms such as a unit, a logic, a logic block, a component,
or a circuit. A "module" may be a minimum unit of an integrated component element or a part thereof. A "module" may
be a minimum unit for performing one or more functions or a part thereof. A "module" may be mechanically or electronically
implemented. A "module" according to the present disclosure may include at least one of an application-specific IC
(ASIC) chip, a field-programmable gate array (FPGA), and a programmable-logic device for performing operations which
have been known or are to be developed hereinafter.
[0123] At least some of the devices (e.g., modules or functions thereof) or the method (e.g., operations) according to
the present disclosure may be implemented by instructions or commands stored in a computer-readable storage medium
in a programming module form. The instructions, when executed by a processor (e.g., the processor 120), may cause
the one or more processors to execute the function corresponding to the instruction. The computer-readable storage
medium may be the memory 130.
[0124] The computer readable recoding medium may include a hard disk, a floppy disk, magnetic media (for example,
a magnetic tape), optical media (e.g., a compact disc read only memory (CD-ROM) and a DVD), magneto-optical media
(e.g., a floptical disk), a hardware device (e.g., a ROM, a RAM, a flash memory), etc. In addition, the program instructions
may include high class language codes, which can be executed in a computer by using an interpreter, as well as machine
codes made by a compiler. The aforementioned hardware device may be configured to operate as one or more software
modules in order to perform the operation of the present disclosure, and vice versa.
[0125] A programming module according to the present disclosure may include one or more of the aforementioned
components or may further include other additional components, or some of the aforementioned components may be
omitted. Operations executed by a module, a programming module, or other component elements according to various
embodiments of the present disclosure may be executed sequentially, in parallel, repeatedly, or in a heuristic manner.
Further, some operations may be executed in a different order or may be omitted, or other operations may be added.
[0126] FIG. 4A illustrates an image processing system according to an embodiment of the present disclosure.
[0127] Referring to FIG. 4A, the image processing system transmits or receives images photographed in an omnidi-
rectional manner, performs rendering thereof, and provides the same to the user. The image processing system includes
a photographing apparatus 400 and an image processing apparatus 500.
[0128] The photographing apparatus 400 photographs an image in an omnidirectional manner. Usually, it is not easy
to photograph an image in an omnidirectional manner using a single camera. Therefore, the photographing apparatus
400 may include a plurality of lenses or a plurality of cameras in order to photograph an omnidirectional image.
[0129] A fisheye lens may have an angle of view of 180 degrees or more. Accordingly, when a fisheye lens is set to
looking at the sky, an area from the constellation of the sky to the horizon can be captured in a single image. The
photographing apparatus 400 may include a plurality of such fisheye lenses to photograph images in an omnidirectional
manner. As another example, the photographing apparatus 400 may include a plurality of cameras having a certain
angle of view to photograph images in an omnidirectional manner. In this case, the plurality of cameras may be provided
in the photographing apparatus 400 so as to cover all directions with reference to one point. The photographing apparatus
400 including one or more cameras may automatically and/or manually move (to the pitch, yaw, and/or roll directions)
to photograph images in an omnidirectional manner.
[0130] The photographing apparatus 400 may include a plurality of cameras having a certain angle of view corre-
sponding to the left eye and the right eye of the user. In this case, the photographing apparatus 400 may photograph
images in an omnidirectional manner so as to photograph stereoscopic images including a plurality of omnidirectional
images. Here, the example of the photographing apparatus 400 is surely not limited to the example described above.
[0131] The photographing apparatus 400 may also photograph an image in certain directions (e.g., the area of a
square that corresponds to 120 degrees in the upper, lower, left, and right directions with reference to the lens of the
photographing apparatus 400). In addition, the photographing apparatus 400 may photograph omnidirectional images,
process images with respect to some directions among the omnidirectional image, and transmit the same to the image
processing apparatus 500.
[0132] The photographing apparatus 400 may associate the photographed images with metadata relating thereto
(e.g., photographing direction, range, area, and position) and record the same. In this case, the photographing apparatus
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400 may associate metadata, i.e., at least one of the camera position, motion information, and direction information,
received through a sensor (e.g., GPS, Wi-Fi fingerprint, and gyro, acceleration, geomagnetic sensors) with at least one
of camera characteristics information (e.g., a camera calibration parameter, photographing state information) and the
photographed image.
[0133] In addition, the photographing apparatus 400 may map the photographed omnidirectional image to a two-
dimensional plane image, and encode the mapped two-dimensional plane image to store the same in a memory or
transmit the same to the image processing apparatus 500.
[0134] When an omnidirectional image is mapped to a polyhedron consisting of triangular planes, the mapped two-
dimensional plane image may include an area where triangular planes of the polyhedron are arranged on a two-dimen-
sional plane.
[0135] The omnidirectional image may be an image independent of the polyhedron associated with the two-dimensional
plane image. For example, the omnidirectional image may be an image mapped to a two-dimensional plane by an
equirectangular projection (ERP), cube projection, and cylindrical projection schemes. The omnidirectional images may
be images associated with depth information determined through a distance sensor (e.g., a Kinect™ camera, a lidar, a
stereo camera, a laser distance measuring device. etc.).
[0136] The photographing apparatus 400 may be a virtual camera at an arbitrary position in a virtual reality space
(e.g., a 3D space implemented in a game), and may be image information received in connection with virtual objects
within the virtual reality based on the characteristics (e.g., position, orientation direction, angle of view, and/or range) of
the virtual camera. For example, an FOV of an avatar in a game may correspond to the FOV of a virtual camera, and
the object image area in the virtual reality, displayed through the same, may be a part of the omnidirectional image.
[0137] The image processing apparatus 500 performs rendering of an image. Specifically, the image processing
apparatus 500 receives the bit stream of the mapped two-dimensional plane image from the photographing apparatus
400 and performs decoding of the same. The image processing apparatus 500 performs rendering using the decoded
two-dimensional plane image, and displays the rendered frame. The image processing apparatus 500 may be various
electronic devices for processing images, e.g., a virtual reality (VR) device such as an HMD, a mobile phone, a PC, a
TV, a tablet PC, etc.
[0138] In this case, the photographing apparatus 400 and the image processing apparatus 500 may include commu-
nication modules such as a Wi-Fi module, a Bluetooth module, and/or a ZigBee module to perform communication.
[0139] The image processing system of FIG. 4A provides a rendered image to a user through multiple steps of image
processing.
[0140] FIG. 4B illustrates an image processing procedure of an image processing system according to an embodiment
of the present disclosure.
[0141] Referring to FIG. 4B, an omnidirectional image is sequentially processed by a camera 41, a transcoder 42, an
encoder 43, a decoder 44, a rendering unit 45, and a display 46.
[0142] Here, it is assumed that the camera 41, the transcoder 42, and the encoder 43 are included in a transmitting
end (e.g., the photographing apparatus 400), and the decoder 44, the rendering unit 45, and the display 46 are included
in a receiving end (e.g., the image processing apparatus 500). Although image processing in FIG. 4B is divided into a
transmitting end and a receiving end for the convenience of description, each element of an image processing system
may be all included in one device or various combinations thereof may be included in the other device.
[0143] The camera 41 photographs an omnidirectional image. For example, when the camera 41 is provided with a
pair of fisheye lenses having an angle of view of 180 degrees or more, the camera 41 may photograph the omnidirectional
image using a pair of fisheye lenses. The camera 41 may transmit two images photographed using a pair of fisheye
lenses to the transcoder 42. As another example, when the camera 41 is provided with a plurality of cameras, the plurality
of cameras may photograph spaces in different directions. In this case, the plurality of cameras may generate a plurality
of images photographed in different directions as a separate or one two-dimensional image and transmit the same to
the transcoder 42.
[0144] An image processed by the image processing system is not limited to an image photographed by the camera
41. That is, the image to be processed by the image processing system may be a virtual image (e.g., a game image
and an animation image viewed from the viewpoint of a virtual camera based on a virtual space). In addition, the image
processed by the image processing system may be an image photographed in a space in one direction or in a plurality
of directions. For example, the image processing system may process an image photographed using one fisheye lens
of a pair of fisheye lenses.
[0145] The transcoder 42 maps omnidirectional images to two-dimensional images. For example, the transcoder 42
may map two images photographed by a fisheye lens to three-dimensional images and map the same to two-dimensional
images. The transcoder 42 may map the omnidirectional image to the outer surface or inner surface of the virtual three-
dimensional model in order to map the omnidirectional image to the three-dimensional image.
[0146] The transcoder 42 may directly map omnidirectional images to two-dimensional images. For example, a trans-
formation matrix A for mapping an omnidirectional image to a three-dimensional image and a transformation matrix B
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for transforming a three-dimensional image into a two-dimensional image are obtained. A transformation matrix C may
be obtained based on the transformation matrix A and the transformation matrix B, and the transformation matrix C may
be stored as metadata and then used for a computation of transforming an omnidirectional image into a two-dimensional
image. For example, the transformation matrix A may be obtained based on a camera calibration parameter, and the
transformation matrix B may be an arbitrary matrix for transforming a three-dimensional image into a two-dimensional
image, and may be determined according to the type of three-dimensional image and the type of two-dimensional image.
[0147] The transcoder 42 may perform mapping of a three-dimensional image to a two-dimensional image, and may
generate metadata on the relationship of the coordinates between the mapped three-dimensional image and the mapped
two-dimensional image. The transcoder 42 may transmit at least one of the mapped two-dimensional image and metadata
to the encoder.
[0148] The encoder 43 performs encoding of the two-dimensional image transmitted from the transcoder 42. For
example, the encoder 43 may perform encoding based on codec standards such as H.264, MPEG-4, HEVC, etc.
[0149] The encoder 43 may store the encoded image data of the two-dimensional image in a memory in a video or
still image format. In addition, the encoder 43 may transmit the encoded image data to another electronic device in a
streaming or file format. The stored or transmitted encoded image data may be transmitted to a decoder.
[0150] Metadata may be stored in a memory together with the encoded image data, or may be transmitted in a streaming
or file format. The metadata may be generated as a separate document (e.g., an omnidirectional media application
format (OMAF) document) and associated with the encoded image data and then stored, or, when there is a request
for the image data, associated with the image data and then transmitted. For example, the metadata may be associated
with the encoded image data and automatically called together with the encoded image data.
[0151] When there is a request for encoded image data, the metadata may be transmitted together with, or separately
from, the encoded image data or may be transmitted to a specific apparatus or module separately from the request for
the image data.
[0152] The receiving end includes a decoder 44, a rendering unit 45, and a display 46.
[0153] The decoder 44 receives the transmitted image data encoded by the encoder 43 and performs decoding thereof.
The decoder 44 may perform decoding using the same codec standard (e.g., H.264, MPEG-4, HEVC, etc.) as the codec
standard used in encoding the two-dimensional image mapped by the encoder 43.
[0154] The rendering unit 45 performs rendering based on the decoded two-dimensional image (hereinafter, input
frame). The rendering unit 45 may additionally use metadata for rendering. The metadata may be generated in the
transmitting end and transmitted to the receiving end, or may already be stored in a storage unit of the receiving end.
For example, the metadata may be included in the exif field of JPEG when the same is encoded by JPEG in the transmitting
end, and the metadata may be included in a moov field of MPEG-4 when the same is compressed by MPEG-4 in the
transmitting end. In addition, the metadata may be included at the end part of an image frame. The metadata may be
provided in an XML document format such as X3D.
[0155] The display 46 may display the rendered output frame. The display 46 may be implemented as one or more
of an LCD, an OLED, a flexible display, an aerial image display, a hologram, an HMD, a head up display (HUD), and a
3D display.
[0156] For convenience of description, the image processing system of FIG. 4B is divided into the camera 41, the
transcoder 42, the encoder 43, the decoder 44, the rendering unit 45, and the display 46. However, this is merely an
example, and the image processing system may be configured by only a part of the above configurations, or may be
implemented by combining some or all of the above configurations with other configurations.
[0157] Although the transcoder 42, the encoder 43, the decoder 44, and the rendering unit 45 among the above-
described configurations are described as being implementable by physical hardware, the transcoder 42, the encoder
43, the decoder 44, and the rendering unit 45 may be provided as software for performing the above-described functions
and the same is stored in the memory 230.The transcoder 42, the encoder 43, the decoder 44, and the rendering unit
45 may also be loaded by a processor such as a CPU or a GPU, and the functions thereof may be driven.
[0158] Various methods are available for mapping an image that photographs a three-dimensional space to a two-
dimensional image. A typical example of the methods is an ERP, which is an equidistant cylindrical projection that
transforms spherical coordinates into Cartesian coordinates. However, when ERP is used to map a three-dimensional
spherical surface to a two-dimensional plane, the closer the image is to both of the poles (i.e., the north-pole and the
south-pole) of the sphere, the larger the distortion that occurs in the two-dimensional plane. Therefore, ERP has a
limitation in accurately representing the original three-dimensional image.
[0159] According to an embodiment of the present disclosure, the transcoder 42 may map an image photographed
using the camera 41 to a polyhedron, and may map the image mapped to each face of the polyhedron to a two-dimensional
image. The transcoder 42 may map an image photographed through the camera 41 to a surface of a first three-dimensional
object, and may map an image mapped to the surface of the first three-dimensional object to the surface of a second
three-dimensional object through a calculation that transforms the first three-dimensional object to the second three-
dimensional object. Thereafter, the transcoder 42 may map the image mapped to the surface of the second three-
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dimensional object to a two-dimensional plane. For example, the transcoder 42 may map an image photographed by
the camera 41 to a three-dimensional spherical object having a certain radius (e.g., a camera focal length or depth
information), and map the three-dimensional spherical object to each face of an octahedron. Thereafter, the transcoder
42 may map each face of the octahedron to a two-dimensional image. An example of such a method is an OHP method.
[0160] Although the example described above maps an image photographed by the camera 41 to a spherical object
and then maps the same to a two-dimensional image, the present disclosure is not limited to a method in which an image
photographed by the camera 41 is mapped to a spherical object. For example, the OHP method may surely be directly
applied to a fisheye image, an ERP image, a craster parabolic projection (CPP) image, and an image mapped to various
types of polyhedrons (for example, a tetrahedron, a dodecahedron, an icosahedron, etc.) to generate a two-dimensional
image. In addition, it is not necessary that the image mapped to a spherical object or a two-dimensional image herein
be an image photographed by the camera 41. For example, a virtual image may be mapped to a spherical object or a
two-dimensional image.
[0161] An OHP method according to an embodiment of the present disclosure includes mapping a three-dimensional
spherical surface to a two-dimensional plane using an octahedron platonic solid.
[0162] FIGs. 5A to 5C illustrate an OHP method according to an embodiment of the present disclosure.
[0163] Specifically, FIG. 5A illustrates a process of transforming spherical coordinates 51 into the coordinates (here-
inafter, fisheye coordinates) 52 of an image (hereinafter, a fisheye image) 53 photographed with a fisheye lens.
[0164] It is assumed that the point of the fisheye coordinates 52 of the fisheye image 53 corresponding to a point
p1(Φ,θ) of the spherical coordinate is p1’(r,θ). Here, the relationship between Φ and θ of the spherical coordinates 51 and
r, u, and v of the fisheye coordinate 52 is shown in Equation (1) below.

[0165] In Equation (1), the point p1’(r,θ) of the fisheye image 53 corresponds to the point p1 (Φ,θ) of the spherical
coordinate 51. Not only the point p1’(r,θ), but also all the points included in the fisheye image 53, may correspond to the
spherical coordinates 51. The above-mentioned points may be pixels. Accordingly, the pixel values of all the pixels
included in the fisheye image 53 may be matched to the spherical coordinates 51.
[0166] The transcoder 42 may transform the points of the spherical coordinates 51 into the coordinates included in
the faces of an octahedron.
[0167] FIG. 5B illustrates an example of a method of making the point p1 of the spherical coordinates 51 correspond
to the point p2 included in the face 54-1 of the octahedron 54.
[0168] For example, it is assumed that the vector from a center point of the spherical coordinates 51 to the point p1
is a vector p.
[0169] Here, the point p1 and the point p2 exist on the vector p. That is, the point p2 is a point of intersection between
the vector p and the face of the octahedron.
[0170] Consequently, the point p1’ of the fisheye image 53 is matched to the point p2 on the face 54-1 of the octahedron
54. The pixel value of the pixel that corresponds to the point p1’ of the fisheye image may be configured to be a pixel
value of the pixel that corresponds to the point p2 on the face 54-1 of the octahedron 54.
[0171] The faces of the octahedron 54 may be mapped to the two-dimensional plane.
[0172] For example, as illustrated in FIG. 5C, the respective faces of the octahedron 54 may be mapped to first areas
54-1 to 54-8 of the two-dimensional image. Here, second areas 55-1 to 55-10 are areas to which the respective faces
of the octahedron 54 are not mapped.
[0173] The second areas 55-1 to 55-10 correspond to the "no data" area where the faces of the octahedron 54 are
not mapped and do not include image data. Accordingly, the two-dimensional image in which the fisheye image 53 has
been mapped according to the OHP method has a substantially much smaller capacitance of image data as compared
to the two-dimensional image obtained by mapping the fisheye image 53 to a three-dimensional spherical object and
then mapping the image of the spherical object according to the ERP method. Accordingly, when encoding is performed
using the two-dimensional image in which the fisheye image 53 is mapped according to the OHP, a larger compression
efficiency can be obtained than when using ERP.
[0174] However, the respective faces of the octahedron 54 to which the spherical coordinates 51 are mapped may
be mapped again to two-dimensional images. Here, there are various methods of mapping to a two-dimensional image.
[0175] FIG. 6 illustrates an octahedron to which spherical coordinates are mapped according to an embodiment of
the present disclosure.
[0176] Referring to FIG. 6, the octahedron includes eight faces numbered from 1 to 8. Faces 1 to 4 of the octahedron
are upper half faces, and faces 5 to 8 are lower half faces. Accordingly, the number of the upper half face and the number
of the lower half face are equal to 1/2 of the total number of faces. In addition, each side of the triangles lying on the
plane formed by the X axis and the Z axis has an orientation of 360/(N/2) around the Y axis of the polyhedron. For
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example, each face of the octahedron divides, by 90 degrees, all directions, i.e., 360 degrees that surround Y axis in
the upper half and lower half with reference to the Y axis.
[0177] As another example, when there is a polyhedron with 16 faces being constituted of eight of the upper half face
and lower half face and each of the faces is constituted of an isosceles triangle, each face of the polyhedron with 16
faces divides, by 45 degrees, all directions, that is, 360 degrees that surround Y axis with reference to the Y axis.
[0178] FIG. 7 illustrates a method in which each face of an octahedron according to an embodiment of the present
disclosure is arranged in a two-dimensional image.
[0179] Referring to FIG. 7, the upper half face of the octahedron is arranged on the upper side of the two-dimensional
image from left to right in the clockwise direction from face 1 to face 4. In addition, the lower half face of the octahedron
is also arranged on the lower side of the two-dimensional image from left to right in the clockwise direction from face 5
to face 8.
[0180] FIG. 8 illustrates a method in which each face of an octahedron according to an embodiment of the present
disclosure is arranged in a two-dimensional image.
[0181] Referring to FIG. 8, the upper half face of the octahedron is arranged on the upper side of the two-dimensional
image from left to right in the clockwise direction in the order of face 1, face 4, face 3, and face 2. In addition, lower half
of the octahedron is arranged on the lower side of the two-dimensional image from left to right in the clockwise direction
in the order of face 5, face 8, face 7, and face 6.
[0182] Referring to FIGs. 7 and 8, the upper half and lower half faces (face 1 and face 5, face 2 and face 6, face 3
and face 7, face 4, and face 8) having one corner in common also share one corner in the two-dimensional images,
which ensures continuity of the images photographed by a camera in the two-dimensional images, as much as possible.
Accordingly, the encoding unit may perform encoding using an image in which the continuity of the view is ensured as
much as possible, thereby improving the compression efficiency.
[0183] FIG. 9 illustrates a method in which each face of an octahedron according to an embodiment of the present
disclosure is arranged in a two-dimensional image.
[0184] Referring to FIG. 9, the upper half face of the octahedron is arranged on the upper side of the two-dimensional
image from left to right in the clockwise direction from face 1 to face 4. When the lower half face of the octahedron is
rotated by 45 degrees in a counterclockwise direction around Y axis of the octahedron, face 5 to face 8 of the lower half
face are arranged on the lower side of the two-dimensional image from left to right in the clockwise direction. In FIG. 9,
a face 8L is the left side of face 8, and a face 8R is the right side of face 8.
[0185] Each face of the octahedron may be arranged according to an array method of minimizing an area (i.e., a "no
data" area) to which no image is mapped in the two-dimensional image. The "no data" area may be removed so as to
minimize the size of the two-dimensional image, thereby improving the encoding efficiency and the image transmission
efficiency. In other words, because the "no data" area has a predetermined pixel value (e.g., one or more of black,
chromakey color, and transparency) while having no image mapped thereto, as the "no data" area is minimized, the
capacity of data to be encoded or transmitted can be reduced.
[0186] For example, as illustrated in FIGs. 10A and 10B, the upper half face (face 1 to face 4) and the lower half face
(face 5 to face 8) of the octahedron may be arranged in the two-dimensional images in an alternating manner.
[0187] Alternatively, as illustrated in FIG. 10C, each of faces 73-1, 73-2, 73-3, and 73-4 obtained by the upper half
face (face 1 to face 4) and the lower half face (face 5 to face 8) of the octahedron being rotated by a predetermined
angle may be arranged in the two-dimensional image in an alternating manner.
[0188] Referring to FIG. 7, FIG. 8, FIG. 9, FIG. 10A to FIG. 10C, when a three-dimensional image is mapped to a two-
dimensional image, although minimized, a "no data" area still exists. Therefore, it is required to consider an array for
further removing the "no data" area.
[0189] FIGs. 11A to 11D illustrate a method in which each face of an octahedron is arranged on a two-dimensional
image according to an embodiment of the present disclosure.
[0190] Specifically, a method of dividing the face 8 of the octahedron into face 8L(left) and face 8R (right) and mapping
the same to a two-dimensional image is illustrated in FIG. 11A, a method of dividing face 1 of the octahedron into face
1L and face 1R and mapping the same to a two-dimensional image is illustrated in FIG. 11B, a method of dividing face
5 of the octahedron into 5L and 5R and mapping the same to a two-dimensional image is illustrated in FIG. 11C, and a
method of dividing face 4 of the octahedron into face 4L and face 4R and mapping the same to a two-dimensional image
is illustrated in FIG. 11D.
[0191] In accordance with an embodiment of the present disclosure, a shearing method may be used to remove the
"no data" area. In the shearing method, when faces included in an octahedron are mapped to a two-dimensional image,
each area of the two-dimensional image has a continuity.
[0192] Referring to FIGs. 12A to 12C, if the lower half 91 of the octahedron in FIG. 12A is rotated at 45 degrees around
the y axis, each face of the octahedron is mapped in a form such that the lower half triangles is shifted by 1/2 of the
length of sides of the triangles as the two-dimensional image illustrated in FIG. 12B. In this case, points in the vertical
direction (e.g., pixels in the vertical direction) of the upper half face and the lower half face to which the image is mapped
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are connected to each other. That is, pixels corresponding to an image that is not the "no data" area configure one
continuous line segment when vertically scanned the same, and the length of the line segment is equal to the maximum
height of one triangle.
[0193] Points in the vertical direction (e.g., pixels in the vertical direction) of the two-dimensional image of FIG. 12B
are moved in the vertical direction.
[0194] Referring to FIG. 12C, points included in a first area 92-1 are moved to points included in a second area 93-1,
and points included in a third area 92-2 are moved to points included in a fourth area 93-2, which is the same when
successive pixel columns included in each face of respective pixels in the vertical direction are vertically moved to the
uppermost end or lowermost end of a two-dimensional image. Accordingly, the respective faces of the octahedron are
mapped to a two-dimensional image as illustrated in FIG. 12C.
[0195] In addition, as the respective faces of the octahedron are transformed to the sheared two-dimensional image
as illustrated in FIG. 12C, the "no data" area is removed, and the vertical length thereof is reduced to 1/2 as compared
to the previous two-dimensional image as illustrated in FIG. 12B.
[0196] More specifically, when a polyhedron consisting of N equilateral triangles or isosceles triangles(where N is an
integer and a multiple of 2) is divided into upper half and lower half, and the number of the upper half and lower half
faces are N/2, respectively, each face occupies 360/ (N/2) angles with reference to the central axis connecting the two
poles. When the upper half or the lower half is rotated by {360/(N/2)}/2, points in the vertical direction where the upper
half face and the lower half face are continuous in the two-dimensional image area may be obtained. The "no data" area
may be removed by vertically moving the continuous points in the vertical direction and mapping the same to a rectangle
having the height of one triangle.
[0197] The mapping methods described above may also be applied to a stereoscopic image, as illustrated in FIGs.
13A and 13B, where it is assumed that two images, i.e., a left eye image and a right eye image, are input together as a
stereoscopic image.
[0198] FIG. 13A illustrates a stereoscopic image as metadata when left eye and right eye images are arranged in a
top-down form and generates the two-dimensional image. In this case, the image illustrated in FIG. 13A may be distin-
guished by one or more identifiers (e.g., stereoscopic = true, stereoscopic_type = top-down) indicating that the array of
the left eye and right eye images are arranged in a top-down form.
[0199] Referring to FIG. 13A, the left eye image is mapped to an upper side 94-1 of the two-dimensional image, and
the right eye image is mapped to a lower side 94-2 of the two-dimensional image. In relation to the upper side (94-1)
face 1, a face 1L and a face 1R are images corresponding to the left eye and the right eye, respectively, and in relation
to the lower side (94-2) face 8, face 8LL represents the left half of a triangle corresponding to the left eye image, and
8RL represents the left half of a triangle corresponding to the right eye image.
[0200] Referring to FIG. 13B, the left eye image is mapped to an upper side 95-1 of a two-dimensional image, and
the right eye image is mapped to a lower side 95-2 of the two-dimensional image. MTD is a symbol indicating that the
triangle is mirrored in the top-down direction. The lower side 94-2 triangles in FIG. 13A may be arranged to have a closer
image at the boundaries of the left eye and right eye triangles as a result of being top-down mirrored like the triangles
of the lower side 95-2. For example, in the two-dimensional image of FIG. 13A, the face 1L and the face 1R are images
most similar to each other with respect to the upper face 1 of the octahedron. However, the number of pixels adjacent
to each other is small and the degree of similarity between images in the adjacent areas is low. That is, the lower side
connecting + Z and -X in the face 1L and the + Y (north-pole) on the face 1R are adjacent to each other. However, in
the two-dimensional image of FIG. 13B, since face 1L and face 1R connect + Z and -X and are arranged to be adjacent
to each other, the degree of similarity of images in areas where the triangles contact is relatively high. Accordingly, in
performing encoding, the transmission efficiency can be improved as well as the compression efficiency.
[0201] A method of mapping upper end faces of the left eye image and the right eye image of a stereoscopic shape
having a shape of the octahedron to the upper side of a two-dimensional image, and of mapping lower end faces thereof
to the lower side of a two-dimensional image is also possible. That is, each of the triangles of the left eye and the right
eye images corresponding to the face 1 to face 4 may be arranged on the upper side, and each of the triangles of the
left eye and the right eye images corresponding to the face 5 to face 8 may be arranged on the lower side (hereinafter,
referred to as a mixed type), which has the effect of arranging triangles that include relatively similar images to be
contiguous with each other, thereby improving the compression efficiency and transmission efficiency in performing
encoding. However, when a three-dimensional image is mapped to a two-dimensional image, it may consider a method
for reducing the width (e.g., the horizontal resolution and the number of pixels arranged in the row) of the two-dimensional
image. Because the width of a two-dimensional image used for rendering is limited for each electronic device, a two-
dimensional image can be rendered in various electronic devices as long as the two-dimensional image has a smaller
width.
[0202] Referring to FIG. 14, the two-dimensional image includes the same amount of image data as the two-dimensional
image of FIG. 11A. However, the width of the two-dimensional image of FIG. 14 is only half of the two-dimensional image
of FIG. 11A. Here, the method of adjusting the width of the mapped two-dimensional image may surely be equally applied
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to a method of mapping a stereoscopic image including left eye and right eye images to a two-dimensional image.
[0203] According to various embodiments, a left eye image and a right eye image are generated in the form of a two-
dimensional image of FIG. 14, and then the same is continuously arranged in the left and right so as to be generated
as a single two-dimensional image. Metadata representing such a structure may include the identifier indicating whether
it is a stereoscopic image, and may include the arrangement form of a left eye and a right eye (e.g., stereoscopic = true,
stereoscopic_type = side-by-side or left-right). A two-dimensional image in which the left eye image and the right eye
image are arranged in a top-down form may also be generated.
[0204] Areas included in the mapped two-dimensional image may include a padding area. The padding area is used,
in a rendering process, which will be described later, of rendering a boundary of a plurality of areas included in a two-
dimensional image. By performing the rendering using the padding area, the quality of the boundary portion of the
plurality of areas included in the two-dimensional image can be guaranteed. For example, when two adjacent faces are
rendered, the padding area may provide sufficient image information on adjacent portions of the two faces, thereby
preventing distortion or noise from occurring at the boundary line or boundary surface. In addition, when a single image
is generated by stitching images of two faces using pixel information of each of the padding areas associated with the
adjoining portions of two faces, a higher quality image can be obtained.
[0205] FIGs. 15A and 15B illustrate a method of setting padding area according to an embodiment of the present
disclosure.
[0206] Referring to FIG. 15A, padding areas 131-2, 132-2, 133-2, and 134-2 are set over all the boundary portions of
the respective areas 131-1, 132-1, 133-1, and 134-1 of a two-dimensional image.
[0207] FIG. 15B sets the padding to reduce the width of a two-dimensional image therein, as compared to the two-
dimensional image of FIG. 15A. According to the padding area setting method in FIG. 15B, when it is assumed that an
ERP image is mapped to the two-dimensional image, the width of the ERP image and the width of a two-dimensional
image to which the OHP method is applied to the ERP image and mapped are the same.
[0208] When the padding area is set, a pixel value may be set in the set padding area.
[0209] FIGs. 16A to FIG. 16C illustrate a method of setting pixel values for padding areas according to an embodiment
of the present disclosure.
[0210] Specifically, FIG. 16A illustrates a method of setting a pixel value for a padding area 142 of an area 141 of a
two-dimensional image.
[0211] Referring to FIG. 16A, the padding area 142 may set a pixel value of other areas 143-1 to 143-12 adjacent to
one area 141 as a pixel value of the padding area 142. In FIG. 16A, although other areas 143-1 to 143-12 adjacent to
the periphery of the area 141 surround all the directions of the area 141, the disclosure is not limited thereto. For example,
when the polyhedron is an octahedron, the octahedron does not include areas 143-1 to 143-12 adjacent to the area
141. Therefore, some areas 143-2 to 143-5, 143-7 to 143-9, and 143-11 to 143-1 of the areas 143-1 to 143-12 adjacent
to the area 141 may not be referenced in determining the pixel value of the padding area 142.
[0212] FIG. 16B illustrates a method of setting the pixel value of the padding area 152 with respect to one face 151
of an octahedron. Here, the padding area 152 has the same normal vector as the face 151.
[0213] Referring to FIG. 16B, a padding area 152 is set. Specifically, the center point Vc is calculated from vertices
VI, V2, and V3 of the face 151 of the triangle. Vectors a1, a2, a3, directing from the center point Vc to the vertices V1,
V2, and V3 of the one face 151, respectively, are calculated from the vertices V1, V2, and V3 of the center point Vc and
the face 151. When the width of the padding area 152 is set to d, a triangle 155 extended by d is set. The normal vector
(n) is perpendicular to the triangle face, since it is directed from the origin to the center point Vc. When the vertices of
the extended triangle 155 from one face 151 of the triangle are Vp1, Vp2, and Vp3, the direction of the vector, directing
from the center point Vc to the vertices Vp1, Vp2, and Vp3 and the direction of the vectors a1, a2, a3, are the same, but
the magnitude thereof is different.
[0214] FIG. 16C illustrates a plane view of FIG. 16B with respect to X-Y axis. Referring to FIG. 16C, the normal vector
(n) for one face 151 of the triangle and the padding area 152 are the same.
[0215] When the padding area 152 is set, a pixel value may be set in the padding area 152. For example, the corre-
sponding pixel value of the spherical coordinate when the padding area 152 in which one face 151 of the triangle extends
is viewed from an origin may be set as a pixel value of the padding area 152. Therefore, the spherical area corresponding
to one face of the triangle including the padding area 152 is wider than the spherical area corresponding to one face
151 of the triangle. In addition, one face of the triangle 151 is the same as one face of the triangle including the padding
area 152, and spherical areas corresponding to angles that increase over the X axis and the Y axis in the drawing are
further included such that the spherical areas are projected into the padding area 152 and mapped thereto. As a result,
the padding area 152 of each triangle includes an image which is obtained by projecting and mapping an image on a
spherical surface corresponding to a partial area of an adjacent triangle.
[0216] As another example, the pixel value of one face 151 of the triangle may be set as the pixel value of the padding
area 152.
[0217] As another example, a value obtained by interpolating the pixel value of one face 151 of the triangle may be
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set as the pixel value of the padding area 152.
[0218] As described above, by using the OHP to map the omnidirectional image to the two-dimensional image, the
load within an image processing system that processes the omnidirectional image can be reduced, and a high QoS can
be achieved while minimizing the use of bandwidth resources.
[0219] FIG. 17 is a block diagram of an image processing apparatus according to an embodiment of the present
disclosure.
[0220] Referring to FIG. 17, the image processing apparatus includes an interface 510 and a rendering unit 520.
[0221] The interface 510 outputs the input frame and metadata. The interface 510 may be a bus that transmits data
between a decoding module and a rendering module. Alternatively, the interface 510 may be a network module that
receives image data from an external electronic device. The interface 510 may include a communication module, e.g.,
an LTE communication module, a 3G communication module, a Wi-Fi module, a Bluetooth module, a millimeter wave
(mm Wave) module, etc.
[0222] The rendering unit 520 may render an input frame as an output frame based on type information and subtype
information included in the metadata.
[0223] The rendering unit 520 may determine the type of a polyhedron included in an output frame based on type
information. The type information may include at least one among the type of the polyhedron associated with the output
frame or the attribute information associated with each area included in the input frame. For example, when the polyhedron
included in the output frame is an octahedron, the type information may be set as an indicator (e.g., "’1") indicating the
octahedron. When the polyhedron included in the output frame is a polyhedron with 20 faces, the type information may
be set as another indicator (e.g., "2") indicating the polyhedron with 20 faces. Accordingly, the rendering unit 520 may
determine whether the type of a polyhedron included in the output frame is an octahedron or a polyhedron with 20 faces
based on type information.
[0224] The indicator indicating the polyhedron may be set including the shape of the figure and the number of faces
of the polyhedron. For example, for an octahedron, the type information may include "8" and "equilateral triangle"
indicating the octahedron.
[0225] The type information may include an indicator for indicating whether the image is stereoscopic (e.g., stereoscopic
= true when the image is stereoscopic).
[0226] An indicator indicating the polyhedron may further include the inclination information of the polyhedron. For
example, if the polyhedron has no tilt or rotation with respect to the X, Y, and Z axes, the orientation may be recorded
in the metadata as type information such as "orientation = 0, 0, 0". For example, when "orientation = 90, 0, 0", this
indicates that a polyhedron rotated at 90 degrees about the X axis. However, before determining the attributes of
arrangement of a plurality of areas included in an input frame, a method of defining the attributes of each of the plurality
of areas will be described. This definition may be determined, for example, when a transcoder generates metadata.
[0227] Specifically, an input frame includes a plurality of areas. The attributes of a plurality of areas included in an
input frame are determined according to the attribute of the face of a polyhedron associated with an output frame. For
example, the shape and number of a plurality of areas may be defined according to the shape of at least one face of,
and the number of faces of, a polyhedron included in an output frame. Accordingly, a plurality of areas included in an
input frame may be mapped to each face of a polyhedron included in an output frame. Each of the plurality of areas may
be defined as relative positions within the coordinates or output frame.
[0228] The number of a plurality of areas included in an input frame is determined by the number of faces of a polyhedron
included in the output frame. That is, in order for an input frame to include an image corresponding to all the faces of a
polyhedron included in an output frame, the number of faces of a polyhedron included in an output frame must be
considered.
[0229] Accordingly, the number of a plurality of areas included in the input frame may be equal to or greater than the
number of faces of a polyhedron included in the output frame, and the shape of a plurality of areas included in the input
frame may be the same as the shape of a polyhedron included in the output frame.
[0230] When the shape and number of a plurality of areas included in the input frame are determined, each of the
plurality of areas can be numbered or indexed. Accordingly, the attributes of each of a plurality of areas included in the
input frame can be defined.
[0231] FIGs. 18A to 18C illustrate attributes of an arrangement of a plurality of areas of an input frame according to
an embodiment of the present disclosure.
[0232] For example, FIG. 18A illustrates a polyhedron included in an output frame that corresponds to an octahedron,
where a plurality of areas (a to n) included in aninput frame are defined. A plurality of areas of the input frame are defined
as an equilateral triangle shape because the face of the octahedron is an equilateral triangle, and are defined as eight
or more areas because the number of faces of the octahedron included in the output frame is eight. In this case, each
area of the input frame can be defined (numbered or indexed) as face a to face n from upper left side to the bottom right
side. The subtype information can define attributes of arrangement of a plurality of areas included in the input frame
based on the attribute of each of the plurality of areas included in the input frame. The subtype information may be index
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information indicating attributes of arrangement of a plurality of areas, or at least one of information on a number/index
array order of each of a plurality of areas included in an input frame corresponding to the faces of a polyhedron corre-
sponding to an output frame and information on an array direction of a plurality of areas, and may be orientation information
of the plurality of areas.
[0233] The subtype information may be index information indicating attributes of arrangement of a plurality of areas
included in the input frame. For example, each of the faces 1 to 8 of the octahedron included in the output frame of FIG.
18B corresponds to face a, face c, face e, face g, face h, face j, face 1, and face n, as illustrated in the table of FIG. 18C.
[0234] In FIG. 18C, subtype index information included in the subtype included in the metadata is "17", and the attributes
of arrangement of a plurality of areas corresponding to subtype index information "’17" is the same as the content of the
table of FIG. 18C.
[0235] Accordingly, the rendering unit 520 may determine the attributes of arrangement of a plurality of areas included
in an input frame based on subtype index information included in subtype information.
[0236] The rendering unit 520 may map an area corresponding to each face of a polyhedron included in an output
frame among the plurality of areas to the position of the respective faces of the polyhedron to perform rendering of the
output frame, based on the attributes of arrangement of a plurality of areas of an input frame as described above.
[0237] For example, the rendering unit 520 may map face a of the input frame of FIG. 18A to face 1 of the polyhedron
of FIG. 18B included in an output frame, the rendering unit 520 may map face c of the input frame of FIG. 18A to face
2 of the polyhedron of FIG. 18B included in an output frame, the rendering unit 520 may map face e of the input frame
of FIG. 18A to face 3 of the polyhedron of FIG. 18B included in the output frame, the rendering unit 520 may map face
g of the input frame of FIG. 18A to face 4 of the polyhedron of FIG. 18B included in the output frame, the rendering unit
520 may map face h of the input frame of FIG. 18A to face 5 of the polyhedron of FIG. 18B included in an output frame,
the rendering unit 520 may map face j of the input frame of FIG. 18A to face 6 of the polyhedron of FIG. 18B included
in an output frame, the rendering unit 520 may map face 1 of the input frame of FIG. 18A to face 7 of the polyhedron of
FIG. 18B included in an output frame, and the rendering unit 520 may map face n of the input frame of FIG. 18A to face
8 of the polyhedron of FIG. 18B included in an output frame, so as to render the output frame of FIG. 18B.
[0238] The subtype index information may be differently specified based on attributes of a plurality of areas included
in the input frame. For example, different index information can be set based on one input frame among the input frame
sets 61-63, 71-72, 73, 81-84, and 93-96 and a certain mapping information corresponding to each face of an output frame.
[0239] The subtype information may include a number/index array order of each of a plurality of areas included in an
input frame corresponding to the faces of a polyhedron corresponding to an output frame.
[0240] For example, when "order = a, c, e, g, h, j, l, n" is included in the subtype information, the subtype information
refers an order of the respective areas in the input frame of FIG. 18A corresponding to the order of face 1 to face 8 of
the output frame of FIG. 18B.
[0241] As another example, character strings such as "order = N,5,1,6,2,7,3,4,N" may be included in order to correspond
to the input frame of FIG. 10B, and character strings such as "order = 8R,1,5,2,6,3,7,4,8L" may be included in order to
correspond to the input frame of FIG. 11A. Here, N refers to "No Data".
[0242] Subtype information may include array direction information of a plurality of areas. For example, when "order
= a, c, e, g, h, j, l, n" and "direction = Y: counter clock" is included in the subtype information, the subtype information
indicates that each face of the input frame of FIG. 18A is mapped in the order of counterclockwise with reference to the
Y axis from each face 1 of the output frame of FIG. 18B. Therefore, in this case, the rendering unit 520 may map face
a of the input frame of FIG. 18A to face 1 of the output frame of FIG. 18B, the rendering unit 520 may map face c of the
input frame of FIG. 18A to face 4 of the output frame of FIG. 18B, the rendering unit 520 may map face e of the input
frame of FIG. 18A to face 3 of the output frame of FIG. 18B, the rendering unit 520 may map face g of the input frame
of FIG. 18A to face 2 of the output frame of FIG. 18B, the rendering unit 520 may map face h of the input frame of FIG.
18A to face 5 of the output frame of FIG. 18B, the rendering unit 520 may map face j of the input frame of FIG. 18A to
face 8 of the output frame of FIG. 18B, the rendering unit 520 may map face 1 of the input frame of FIG. 18A to face 7
of the output frame of FIG. 18B, and the rendering unit 520 may map face n of the input frame of FIG. 18A to face 6 of
the output frame of FIG. 18B, so as to render the output frame of FIG. 18B.
[0243] The subtype information may include orientation information of the plurality of areas. For example, as illustrated
in FIG. 9, the degree of rotation of the upper part faces and lower part faces may be displayed, respectively. That is, in
FIG. 9, because the upper part does not rotate and the lower part rotates 90 degrees in a clockwise, and the sub type
information may include rotation information such as "Shift = Upper: 0, Lower: 90".
[0244] As another example, orientation information may be designated for each of the plurality of areas. For example,
the plurality of areas may include rotation angular information such as "face_orientation = a: 0" in order to display face
a of the input frame of FIG. 18A, and rotation angular information such as "equilateral_triangle_orientation = CW120 (or
CCW240)" in order to display face 5, which is a right triangle rotated in a clockwise direction by 120 degrees (i.e.,
counterclockwise 240 degrees) in the input frame of FIG. 10C.
[0245] The subtype information may include shearing information of the plurality of areas. For example, when the input
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frame of FIG. 9 is deformed through shearing as in the input frame of FIG. 12C, subtype information such as "order =
8R, 1, 5, 2, 6, 3, 7, 4, 8L; shearing = true" or "Shift = Upper: 0, Lower: 90; shearing = true" may be included.
[0246] When the type information included in the metadata displays a plurality of polyhedrons (e.g., stereoscopic
images), the attributes of arrangement of a plurality of areas associated with each of the polyhedrons included in an
input frame can be determined using the subtype information of the metadata. For example, the subtype information
may further include arrangement related information (e.g., at least one of "side-by-side", "top-down", and "mixed") of the
left eye and right eye images included in an input frame.
[0247] The subtype information of the metadata may include a plurality of combinations. For example, because the
input frame of FIG. 13B is a stereoscopic image (e.g., "TYPE: stereoscopic = true"), and a plurality of areas included in
the right-eye image thereof are all vertically inverted, in order to represent the same, subtype information may include
character strings such as "SUBTYPE: stereoscopic_order = top-down; order = 8R, 1, 5, 2, 6, 3, 7, 4, 8L; Mirroring = top-
down", or may include a number or symbol corresponding thereto.
[0248] In the example described above, all of the faces of the input frame of FIG. 18A are mapped corresponding to
the faces of the polyhedron of FIG. 18B included in the output frame, but the present disclosure is not limited thereto.
For example, rendering may be performed by selecting some of the faces of the input frame of FIG. 18A and mapping
the same to some of the faces of the polyhedron of FIG. 18B included in the output frame.
[0249] The rendering unit 520 may further use matching information on the plurality of areas and faces of a polyhedron
in order to map each of the plurality of areas of the input frame to each face of the polyhedron included in the output
frame. In this case, the matching information may be included in the metadata. The matching information may be an
OBJ file format (OBJ geometry definition file format). The OBJ file format is a simple data-format that represents 3D
geometry alone. The OBJ file is a file of a three-dimensional model data format and includes mapping coordinates. The
OBJ file is well known to those skilled in the art of technical field of the present disclosure, and a detailed description
thereof will be omitted.
[0250] The mapping information may have different information according to the subtype information because the
shape and number of the plurality of areas included in the input frame may differ depending on the type of the polyhedron
included in the output frame.
[0251] The rendering unit 520 may determine positions and directions in which a plurality of areas of the input frame
are mapped to respective faces of the polyhedron included in the output frame based on the matching information.
Specifically, the rendering unit 520 may determine the position and direction matched to each face of the polyhedron
based on information on the first coordinates indicating the position of each vertex of the polyhedron, information on the
second coordinates indicating positions of vertices of each of the plurality of areas, and mesh information indicating the
corresponding relationship between the first coordinates and the second coordinates. The information on the first coor-
dinates and second coordinates and the mesh information may be included in the matching information.
[0252] FIG. 19A to 19D illustrate a rendering method according to an embodiment of the present disclosure.
[0253] FIG. 19A illustrates a coordinate system (i.e., a coordinate system with respect to a first coordinate) of an
octahedron included in an output frame. For example, the coordinates of the vertex V1 of the octahedron 191-1 may be
described as (v1.x, v1.y, v1.z).
[0254] FIG. 19B illustrates a coordinate system (i.e., a coordinate system for the second coordinates) for each of a
plurality of areas f1, f2, f3, f4, f5, f6, f7, f8L, and f8R included in the input frame. For example, the coordinates of the
vertex vt1 of the area f1 may be described as (vt1.u, vt1.v).
[0255] FIG. 19C illustrates mesh information between the octahedral coordinate system of FIG. 19A and the coordinate
system for the plurality of areas of FIG. 19B. For example, the vertices of face 1 of the octahedron of FIG. 19A are v1,
v2, and v3. In addition, the vertices of the area f1 of the input frame of FIG. 19B corresponding to the face 1 of the
octahedron are vt1, vt2, and vt3. The corresponding relationship there between are the same as v1/vt2, v2/vt1, and
v3/vt3, as illustrated in FIG. 19C.
[0256] Type information and subtype information of the metadata may be determined based on mesh information of
FIG. 19C. For example, in the mesh information, there are three vertices associated with f1, and the number of f is eight.
Accordingly, a polyhedron associated with the output frame is an octahedron including triangular faces. That is, the
information included in the type information of the metadata includes eight faces, and the shape of the face is identified
as a triangle. In addition, as subtype information, the attributes of arrangement (e.g., the order and shape of a face) of
a plurality of areas included in the input frame may be determined based on the information and order of the positions
vt of the vertices on the input frame based on each face f. In addition, even when a predetermined face f in the input
frame is top-down mirrored or rotated, since the vertex of the input frame of FIG. 19B and the vertex of the octahedron
of FIG. 19A are associated with each other 1:1 in relation to information on face f1 information included in the mesh
information of FIG. 19C, mapping can be performed such that it is transformed to fit the output frame when performing
rendering.
[0257] FIG. 19D illustrates a data sheet in which the above-described example corresponds to actual data values.
[0258] Referring to FIG. 19D, 7 vertex positions indicate the coordinates of the each of the vertices of the octahedron



EP 3 446 282 B1

20

5

10

15

20

25

30

35

40

45

50

55

191-1. For example, the values of the x-coordinate and z-coordinate of the vertex V1 of the octahedron 191-1 is defined
as "0", and the y-coordinate value is defined as "100". In addition, the UV coordinates indicate the coordinates of the
vertex of the input frame of FIG. 19B, e.g., the coordinate value of vt2 is (0.125, 0). The coordinate value of vt 10 is
defined as (0, 0), and the distance between vt10 and vt2 in the u-axis direction is 0.125. In addition, mesh information
indicates the relationship between 7 vertex positions and UV coordinates. For example, # 1 in the 7 vertex positions and
# 1 in the UV coordinates correspond to each other, # 2 in the 7 vertex positions and # 5 in the UV coordinates correspond
to each other, and # 3 in the 7 vertex positions and # 6 in the UV coordinates correspond to each other (1/1, 2/5, 3/6).
[0259] Accordingly, the coordinates of the vertices of the each face included in the octahedron 191-1 and the coordinates
of the vertices of the plurality of areas included in the input frame of FIG. 19B and the mesh information for the coordinates
of the vertices of the each face included in the octahedron 191-1 and the coordinates of the vertices of each of the
plurality of areas included in the input frame of FIG. 19B are used together so that the position and direction for mapping
each of the faces included in the octahedron 191-1 and the plurality of areas included in the input frame of FIG. 19B can
be determined. The rendering unit 520 maps the plurality of areas of the input frame of FIG. 19B to the positions of each
face of the octahedron 191-1, based on the determined position and direction.
[0260] As described above in relation to the transmitting unit, the plurality of areas of the input frame may include a
padding area. Accordingly, the rendering unit 520 may render an area where one face and other face of the polyhedron
meet, based on the image of the padding area. Specifically, the rendering unit 520 may set a result value obtained by
interpolating the pixel value of the padding area as the pixel value of the boundary (or corner) portion shared by each
of the polyhedrons included in the output frame. For example, two adjacent faces may be interpolated based on the
pixel information included in each padding area, thereby changing the color or brightness information of the boundary
or the adjacent area of the two faces. The boundary between the two faces are stitched based on the image processing
(edge, boundary extraction, connection, etc.) using the pixel information included in each padding area, in order to
compose two faces into one image.
[0261] The image processing apparatus may additionally receive an instruction on whether to perform rendering of a
three-dimensional image.
[0262] For example, when metadata further includes attribute information of an input frame, the rendering unit 520
may determine whether to perform rendering of the three-dimensional image based on the attribute information of the
input frame. Specifically, when the attribute information of the input frame corresponds to a rendering instruction for a
three-dimensional image, the rendering unit 520 may render the input frame to an output frame based on the type
information and subtype information. However, when the attribute information of the input frame does not correspond
to the rendering instruction for the three-dimensional image, the input frame may be mapped to the two-dimensional
plane so as to perform rendering thereof. Since the attribute information of the input frame indicates whether rendering
for the three-dimensional image is performed, the image processing apparatus may render only the two-dimensional
image, which can be rendered to the three-dimensional image, to the three-dimensional image.
[0263] According to another embodiment, when the metadata further includes information on an area in which rendering
is to be performed, as attribute information of the input frame, the rendering unit 520 may determine an area in which
rendering of the three-dimensional image is to be performed, based on the attribute information of the input frame. That
is, some of the areas included in the input frame may not be rendered even if the areas are associated with the face of
the output frame. For example, when the photographing in some directions may not be performed due to a sensor failure
or power control, in a camera including a plurality of lenses or image sensors for photographing an omnidirectional
image, or when a camera, a transcoder 420, or a rendering unit 520 detects that there is no change in the image in
some direction, the camera may include such situation information in the metadata and transmit the same. The rendering
unit 520 that received the metadata may determine, based on the metadata, an image corresponding to the direction in
which the image has not been photographed and an image corresponding to the direction in which there is no change.
Accordingly, the rendering unit 520 may not render the image corresponding to the direction in which the image has not
been photographed and the image corresponding to the direction in which there is no change.
[0264] FIG. 20 illustrates an image processing apparatus in an image processing system according to an embodiment
of the present disclosure.
[0265] Referring to FIG. 20, the image processing apparatus includes an interface 2010 a rendering unit 2020, and a
sensor unit 2030. The operations of the interface 2010 and the rendering unit 2020 are the same as those of the interface
510 and the rendering unit 520 of FIG. 17. Accordingly, repetitive descriptions of the interface 2010 and the rendering
unit 2020 will be omitted.
[0266] The sensor unit 2030 senses the direction of a user’s line of sight. The sensor unit 2030 may include a camera
module.
[0267] For example, referring to FIG. 21, a pupil of a user 30 can be tracked using a camera sensor. As another
example, the iris and pupil may be sensed using an infrared (IR) sensor. The sensor unit 2030 senses the user’s motion.
To this end, the sensor unit 2030may include at least one of a camera module, an accelerometer sensor, and a gyro
sensor. For example, the motion of the user’s head or hand may be sensed through an HMD, a remote controller, an
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accelerometer sensor, and/or a gyro sensor mounted on a mobile device.
[0268] The rendering unit 2020 may determine an FOV based on the sensed direction of the line of sight, the user’s
motion, or the user input (e.g., touch on a touch display, a pressure sensor, a gesture input, a joystick, and a button).
In this case, the rendering unit 2020 may perform rendering of an image of an area corresponding to the FOV.
[0269] For example, referring to FIG. 21, the rendering unit 2020 may determine that the user 30 is gazing at the
direction of point of intersection 171 of face 1, face 4, face 5, and face 8 of the octahedron based on the sensed direction
of line of sight, the user’s motion, or the user input. Accordingly, the rendering unit 2020 may perform rendering of an
area corresponding to a predetermined FOV around the point of intersection 171.
[0270] The FOV area may be defined as included in areas (face 1, face 4, face 5, and face 7) of the octahedron
included in a certain angle based on the gaze vector (direction toward the point 171 from the eye of the user 30) of the
user 30. In this case, the area on the octahedron in the FOV area is, in the case of face 1, a quadrangle on face 1 on
which the vertices are formed by the points 31, 32, 171 and 38, and may be defined as a quadrangle having vertices of
the points 32, 33, 34, 171 in the case of face 4, the points 34, 35, 36, and 171 in the case of face 8, and as a quadrangle
having vertices of the points 36, 37, 38, and 171 in the case of face 5. The rendering unit 2020may perform rendering
only of some areas (e.g., areas in which the rectangles are included) of the input frame including the areas on the four
faces (face 1, face 4, face 5, face 8) corresponding to the FOV in the input frame in FIG. 21.
[0271] In the examples described above, the rendering unit 2020 performs rendering only of a predetermined FOV
area, not on an area corresponding to the entire of the octahedron, thereby achieving high rendering efficiency.
[0272] In addition, the rendering unit 2020 may further use the position information of the user 30 as well as information
on the user’s line of sight. In this case, the position information of the user 30 may be set to any position inside or outside
the space of the octahedron other than the center of the octahedron. Accordingly, the position and size of the area
included in the FOV may be adjusted to control zoom in, zoom out, out focus, transparency (alpha blending) adjusting
effect, etc.
[0273] In the examples described above, the rendering may be an operation of mapping, to a two-dimensional image,
at least a part of the polyhedron to which an image is mapped. For example, rendering may include the processes of
texturing at least a part of the polyhedron to which the image is mapped, providing a light source effect, etc. As another
example, the rendering may be a process of texturing and displaying on the display, for at least a part of the polyhedron
to which the image is mapped.
[0274] The rendering unit 2020 may perform an operation of mapping to an output frame, and further include an
operation of displaying in order to match the display characteristics. That is, in order to display an image on an image
output device according to characteristics of the display or characteristics of contents, an image may be converted to a
two-dimensional image suitable for a display view and transmitted to a display buffer or a graphic frame buffer, or a
stereo image may be generated and transmitted to a different area on the display or a different image output device.
The characteristics of the display may be the resolution of the display, the size of the display, etc.
[0275] FIG. 22 is a block diagram of an image processing apparatus 400-1 according to various embodiment of the
present disclosure. Here, the detailed description of the parts overlapping with the content described above will be omitted.
[0276] Referring to FIG. 22, the image processing apparatus includes a storage unit 410 and a transcoder 420. In
FIG. 22, an input frame is a frame input to the transcoder 420, and an output frame is defined as a frame, which is
obtained by processing the input frame by the transcoder 420.
[0277] The storage unit 410 stores the input frame.
[0278] The transcoder 420 may generate metadata including predetermined type information and predetermined
subtype information, generate an output frame based on the input frame, predetermined type information, and prede-
termined subtype information, and store the metadata and the output frame in the storage unit 410. The transcoder 420
may determine the type of a polyhedron included in the input frame based on the predetermined type information,
determine the attributes of arrangement of a plurality of areas included in the output frame based on the predetermined
subtype information, and map the input frame to the output frame based on the type of the polyhedral and the attributes
of arrangement of the plurality of areas, in order to generate an output frame.
[0279] The plurality of areas included in the output frame may be divided based on the shape determined according
to the shape of at least one face of the polyhedron and the number determined according to the number of faces of the
polyhedron, and the attributes of arrangement of a plurality of areas may define the arrangement of the plurality of areas
in the output frame.
[0280] The number of the plurality of areas may be equal to or greater than the number of the faces of the polyhedron,
and the shape of the plurality of areas may be the same as the shape of at least one face of the polyhedron. For example,
a polyhedron may be a regular polyhedron.
[0281] The transcoder may further include matching information including positions and directions in which a plurality
of areas are mapped to respective faces of the polyhedron, in order to generate metadata.
[0282] The matching information includes information on the first coordinates indicating a position of each vertex of
the polyhedron, information on the second coordinates indicating positions of vertices of each of the plurality of areas,
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and mesh information indicating the corresponding relationship between information on the first coordinates and infor-
mation on the second coordinates.
[0283] At least one area among the plurality of areas may include a padding area including surplus image information.
[0284] FIG. 23 illustrates an image processing system according to an embodiment of the present disclosure.
[0285] Referring to FIG. 23, the image processing system is implemented as a single device (or image processing
apparatus).
[0286] For example, the camera module 41 photographs an omnidirectional image. The photographed image is trans-
mitted to a resizer 1 41-1, which outputs an omnidirectional image to a transcoder 42. The transcoder 42 maps an
omnidirectional image to a two-dimensional image using OHP, and transfers the same to the encoder 43. The encoder
43 transfers the mapped two-dimensional image to a network module 44 and/or a memory 45. The decoder 46 decodes
the two-dimensional image stored in the memory 45 and transfers the same to a rendering module 47-1 of a computing
unit 47. The rendering module 47-1 (or the computing unit 47) transfers the rendered image to a display 48, which
displays the rendered image. A resizer 2 41-2 adjusts the size of the omnidirectional image and transfers the same to
the rendering module 47-1, to provide a preview.
[0287] The rendered image and the preview image may be displayed together on the display 48, e.g., using picture-
in-picture or picture-by-picture schemes).
[0288] The rendered image and the preview image may be independently displayed on different displays. For example,
an image on a fisheye image photographed through a fisheye lens may be previewed on a first display, and the rendered
image may be displayed on a second display.
[0289] An area of the omnidirectional image corresponding to the preview area may be determined, and an image
rendered in association with the area may be displayed on the display 48.
[0290] The preview area may be set to an FOV, and an image on the area of the omnidirectional image related to the
corresponding FOV may be rendered and displayed on the display.
[0291] The rendering module 47-1 (or the computing unit 47) may adjust the size of only images received from a
predetermined camera among a plurality of cameras included in the camera system, which photographs an omnidirec-
tional image, and then provide the same as a preview image.
[0292] The resizer 2 41-2 may detect the occurrence of an event, and based on the occurrence, specify some areas
of the omnidirectional image, adjust the size of the areas, and provide the same as a preview image.
[0293] For example, the rendering module 47-1 (or the computing unit 47) may set the FOV area of the omnidirectional
image based on the orientation of the display 48 (e.g., direction pointing to display or opposite direction thereof) and
provide the same as a preview image. When the preview direction is set by the user input (e.g., touch, gesture, voice
input, etc.) in the same direction as the display, selfie photographing operation to be included in the omnidirectional
image and confirmation of the result are facilitated.
[0294] When the motion of the apparatus is detected, the FOV area may be changed based on the detection. For
example, the rendering module 47-1 (or the computing unit 47) may determine the directionality of an audio when the
audio input is generated, and set the FOV area of the omnidirectional image, based on the direction in which the
corresponding audio input is generated (e.g., one or more microphones adjacent to the direction in which the audio is
input among the plurality of microphones mounted on the apparatus are determined based on the sound volumes
received from the respective microphones), to provide the same as a preview image. The rendered image and the
preview image may be independently displayed on different displays.
[0295] FIG. 24 illustrates an image processing system according to an embodiment of the present disclosure.
[0296] Referring to FIG. 24, the image processing system includes a camera 51, a device 52, and a content provider
53. Here, the detailed description of the configuration overlapping with FIG. 23, e.g., the camera module, will be omitted.
[0297] The camera 51 transmits, to the device 52, a two-dimensional image to which an omnidirectional image is
mapped. The device 52 receives the two-dimensional image through the network module 52-1. The received two-
dimensional image is transferred to a decoder 52-2. The decoder 52-2 transmits the decoded two-dimensional image
to a rendering module 52-3. The rendering module 52-3 performs rendering based on the two-dimensional image and
transfers the rendered image to a display 52-4. The display 52-4 displays the rendered image.
[0298] The device 52 may also be provided with the mapped two-dimensional image from the content provider 53.
For example, the transcoder 53-2 of the content provider 53 may map the omnidirectional image loaded from a content
data base (DB)53-3 (or storage) to the two-dimensional image (here, it is assumed that a decoding process of the
omnidirectional image is performed). The network module 53-1 may transfer the mapped two-dimensional image to the
rendering module 53-4 or transmit to the network module 52-1 of the device 52. The rendering module 53-4 may render
a two-dimensional image using three-dimensional image data. For example, when a game is provided as a three-
dimensional image, the rendering module 53-4 may map a three-dimensional image to a two-dimensional image using
an OHP method according to a predetermined event (e.g., a user’s input), to perform rendering thereof.
[0299] The camera 51 may further include a display for displaying a preview. The device 52 may include a plurality of
displays. The method of displaying the preview and rendered image may be implemented by using various combinations
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of the camera 51 and the device 52. For example, the camera 51 and the device 52 may display the same image (e.g.,
preview and rendered image) or different images. In addition, two of the images may be also displayed together on one
display.
[0300] The images may be displayed in different methods depending on the FOV setting. For example, when the FOV
is set by the device 52, the FOV is transferred to the camera 51 through the network module 52-1, and accordingly, the
omnidirectional image related to the FOV is transferred through the network module 52-1 to the device 52 and then
displayed In relation to the preview, both devices may display the area related to the FOV or each device may inde-
pendently display the same. In relation to the FOV, multiple devices may set different FOVs for one omnidirectional
image, thereby rendering areas related to different areas For example, a plurality of devices may request, from the
content server, different FOV settings by the user input, the user’s line of sight, the user motion, and the audio input. As
another example, the camera may independently set different FOVs based on events.
[0301] As another example, when a plurality of FOVs are set, an FOV requested by each device may be processed
and then a preview or a rendered image may be transmitted in response to each device which has requested the FOV.
[0302] As another example, when the FOV is not set, the identifier or the number of a predetermined face previously
designated as the front may be received or predetermined direction information may be received from the metadata,
and the same may be used during the minimum rendering. The user input for the FOV setting or the event-based
processing method is similar to the method described in FIG. 23, so a detailed description thereof will be omitted. For
example, event detection devices such as a microphone, a motion sensor, and the like described in FIG. 23 may be
located in at least one of the camera 51 and the device 52.
[0303] Content stored in the content DB 53-3 may be a unique image (e.g., a fisheye image, a 2D image, etc.)
photographed by a camera, an ERP image, or may be other images stored in other polyhedron (tetrahedron, dodeca-
hedron, icosahedron, etc.) formats.
[0304] Content stored in the content DB 53-3 may control the transcoder 53-2 based on the state of the device 52,
obtained through the network modules, to determine the attribute of the two-dimensional images to be transmitted, and
generate metadata. For example, the output frame information and network information (e.g., bandwidth, drop rate,
network module performance, QoS, etc.), supported by the rendering module 52-3 included in the device 52, a supported
resolution, image processing performance, heat generation state (temperature sensor), or the polyhedron type selection
information by user input may be received by the content provider 53. Metadata (e.g., including one or more of the type
and size of a polyhedron, image resolution, number of faces, size of face, and packed type) may be determined based
on the state information, and the image may be transcoded based on the determined metadata. The transcoded two-
dimensional image may be encoded through a codec, and then the encoded data may be transferred through the network
module 53-1 to the device 52. The metadata may be included in the encoded data or separately transmitted.
[0305] The device 52, which has received the encoded data through the network module 52-1, decodes the encoded
data into a two-dimensional image through the decoder 52-2, renders the same based on the metadata that has received
from the rendering module 52-3, and converts the rendered image to fit the display view, to output the converted image
to the display.
[0306] FIG. 25 illustrates an image processing system according to an embodiment of the present disclosure. Detailed
descriptions of configurations overlapping with FIG. 22 and FIG. 23 will be omitted.
[0307] Referring to FIG. 25, the image processing system includes a camera 61, a content server 62, a content provider
63, and a device 64.
[0308] The camera 61 photographs an omnidirectional image. The camera 61 may map the photographed omnidirec-
tional image to a two-dimensional image, and may transmit the mapped two-dimensional image to the content server
62. The content provider 63 may also transmit the mapped two-dimensional image to the content server 62. The network
module 62-1 of the content server 62 receives the mapped two-dimensional image from the camera 61 or the content
provider 63. The network module 62-1 may store the mapped two-dimensional image in a content data DB 62-3.
[0309] Alternatively, a transcoder 62-2 receives an omnidirectional image provided from the content DB and maps the
same to a two-dimensional image (here, it is assumed that a decoding process of the omnidirectional image has per-
formed).
[0310] The network module 62-1 transmits, to the device 64, the mapped two-dimensional image received from the
transcoder 62-2. The device 64 may perform rendering based on the received two-dimensional image and display the
rendered image.
[0311] Since the above-described embodiments of the image processing apparatus and the image processing system
perform encoding and decoding of the mapped two-dimensional image using an OHP method, a greater efficiency can
be achieved in the image processing process.
[0312] FIG. 26 is a flowchart illustrating an image processing method according to an embodiment of the present
disclosure.
[0313] Referring to FIG. 26, the image processing method determines a type of a polyhedron included in an output
frame based on type information instep S2610, determines the attributes of arrangement of a plurality of areas included
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in an input frame based on the subtype information in step S2620, and maps, to a corresponding face of the polyhedron,
each of areas corresponding to faces of the polyhedron, among the plurality of areas, based on the attributes of arrange-
ment of the plurality of areas, to render the output framein step S2630.
[0314] The plurality of areas included in the input frame may be divided based on the shape determined according to
the shape of face of the polyhedron and the number determined according to the number of faces of the polyhedron,
and the attributes on the arrangement of the plurality of areas may define the arrangement of the plurality of areas in
the input frame.
[0315] The number of the plurality of areas may be equal to or greater than the number of the faces of the polyhedron,
and the shape of the plurality of areas may be the same as the shape of the face of the polyhedron.
[0316] When the polyhedron is an octahedron, the number of the plurality of areas may be eight or more, and the
shape of the plurality of areas may be an equilateral triangle.
[0317] The metadata may also include matching information, and the rendering of the output frame may include
determining positions and directions in which a plurality of areas are mapped to respective faces of a polyhedron based
on the matching information, and mapping the plurality of areas to each face of the polyhedron based on the determined
positions and directions.
[0318] In addition, determining the positions and directions may determine the position and direction matched to each
face of the polyhedron based on information on the first coordinates indicating a position of each vertex of the polyhedron,
information on the second coordinates indicating positions of vertices of each of the plurality of areas, and mesh infor-
mation indicating the corresponding relationship between information on the first coordinates and information on the
second coordinates. The information on the first coordinates and second coordinates and the mesh information may be
included in the matching information.
[0319] At least one area among the plurality of areas may include a padding area, and the rendering of the output
frame may include rendering a boundary between one face of the polyhedron mapped to at least one area and other
face adjacent to one face, based on the surplus image information of the padding area.
[0320] The rendering of the output frame may include determining an FOV based on the direction of the user’s line of
sight, and may include performing rendering on an image of an area corresponding to the FOV among the output frame.
[0321] An image processing method according to an embodiment of the present disclosure, as described above, may
be provided to each server or device such that the image processing method is implemented as a computer-executable
program code and executed by a processor while being stored in various non-transitory computer readable media.
[0322] For example, a non-transitory computer-readable medium in which a program for performing operations is
stored may be provided, wherein the operations include determining a type of a polyhedron included in an output frame
based on type information; determining the attributes of arrangement of a plurality of areas included in an input frame
based on subtype information; and mapping, to a corresponding face of the polyhedron, each of areas corresponding
to faces of the polyhedron, among the plurality of areas, based on the attributes of arrangement of the plurality of areas,
to render the output frame.
[0323] The non-transitory computer-readable medium refers not to a medium that stores data for a short period of
time, such as a register, cache, memory, etc., but to a medium that semi-permanently stores data and is readable by
the device. Specifically, various applications or programs described above may be stored and provided on a non-transitory
computer-readable media such as CD, DVD, hard disk, Blu-ray disk, USB, memory card, ROM, etc.
[0324] While the present disclosure has been particularly shown and described with reference to certain embodiments
thereof, it will be understood by those of ordinary skill in the art that various changes in form and details may be made
therein without departing from the scope of the present disclosure as defined by the following claims and their equivalents.

Claims

1. An image processing apparatus, comprising:

an interface; and
a processor configured to:

receive, through the interface, an input frame including a plurality of areas and a plurality of padding areas
between each of the plurality of areas, and metadata including type information indicating a type of a
polyhedron for an output frame and subtype information indicating attributes of arrangement of the plurality
of areas included in the input frame, wherein a first shape of each of the plurality of areas corresponds to
a second shape of each of faces of the polyhedron for the output frame respectively,
determine the type of the polyhedron for the output frame based on the type information included in the
received metadata,
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determine the attributes of arrangement of the plurality of areas included in the input frame based on the
subtype information included in the received metadata,
determine at least one pixel value of each of the plurality of padding areas included in the input frame, and
render the output frame by mapping each of the plurality of areas to corresponding the faces of the polyhedron
respectively based on the type of the polyhedron identified through the type information and the attributes
of arrangement of the plurality of areas identified through the subtype information and by setting a pixel
value of each of a plurality of boundaries between each of the faces of the polyhedron based on the at least
one pixel value of each of the plurality of padding areas,
wherein the attributes of arrangement indicates corresponding relation between each of the plurality of
areas and each of the faces of the polyhedron.

2. The image processing apparatus of claim 1, wherein each of the plurality of areas included in the input frame are
divided based on the second shape of each of the faces of the polyhedron and a number of the faces of the polyhedron.

3. The image processing apparatus of claim 2, wherein a number of the plurality of areas is greater than or equal to
the number of faces of the polyhedron.

4. The image processing apparatus of claim 1, wherein the polyhedron is a regular polyhedron.

5. The image processing apparatus of claim 1, wherein the metadata further includes matching information, and
wherein the processor is further configured to:

determine positions and directions in which the plurality of areas are mapped to the corresponding faces of the
polyhedron based on the matching information, and
map the plurality of areas to the corresponding faces of the polyhedron based on the determined positions and
directions.

6. The image processing apparatus of claim 5, wherein the processor is further configured to determine the positions
and directions in which the plurality areas are mapped to the corresponding faces of the polyhedron based on
information on first coordinates indicating a position of each vertex of the polyhedron, information on second coor-
dinates indicating positions of vertices of each of the plurality of areas, and mesh information indicating a corre-
sponding relationship between the information on the first coordinates and the information on the second coordinates,
and
wherein the information on the first coordinates, the information on the second coordinates, and the mesh information
are included in the matching information.

7. The image processing apparatus of claim 1, further comprising a sensor unit configured to sense a user’s line of sight,
wherein the processor is further configured to:

determine a field of view (FOV) based on a direction of the user’s line of sight, and
render an image of an area corresponding to the FOV among the output frame.

8. An image processing apparatus, comprising:

a storage unit configured to store an input frame; and
a processor configured to:

generate metadata including type information indicating a type of a polyhedron included in the input frame
and subtype information indicating attributes of arrangement of a plurality of areas for an output frame,
wherein a first shape of each of the plurality of areas corresponds to a second shape of each of faces of
the polyhedron included in the input frame respectively,
determine the type of the polyhedron included in the input frame based on the type information,
determine attributes of arrangement of a plurality of areas for the output frame based on the subtype
information,
determine a pixel value of each of a plurality of boundaries between each of the faces of the polyhedron
included in the input frame,
generate the output frame by mapping each of the faces to corresponding the plurality of areas respectively
based on the type of the polyhedron and the attributes of arrangement of the plurality of areas and by setting
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at least one pixel value of each of a plurality of padding areas between each of the plurality of areas based
on the pixel value of each of the plurality of boundaries, and
store the metadata and the output frame in the storage unit,
wherein the attributes of arrangement indicates corresponding relation between each of the plurality of
areas and each of the faces of the polyhedron.

9. The image processing apparatus of claim 8, wherein each of the plurality of areas included in the output frame are
divided based on the second shape of each of at least one of the faces of the polyhedron and a number of the faces
of the polyhedron.

10. The image processing apparatus of claim 9, wherein a number of the plurality of areas is greater than or equal to
the number of the faces of the polyhedron.

11. The image processing apparatus of claim 8, wherein the polyhedron is a regular polyhedron.

12. An image processing method, comprising:

receiving an input frame including a plurality of areas and a plurality of padding areas between each of the
plurality of areas, and metadata including type information indicating a type of a polyhedron for an output frame
and subtype information indicating attributes of arrangement of the plurality of areas included in the input frame,
wherein a first shape of each of the plurality of areas corresponds to a second shape of each of faces of the
polyhedron for the output frame respectively,
determining the type of the polyhedron included for the output frame based on type information included in
metadata;
determining the attributes of arrangement of the plurality of areas included in an input frame based on subtype
information included in the metadata;
determining at least one pixel value of each of the plurality of padding areas included in the input frame; and
rendering the output frame by mapping each of the plurality of areas to corresponding the faces of the polyhedron
respectively, based on the type of the polyhedron identified through the type information the attributes of ar-
rangement of the plurality of areas identified through the subtype information and by setting a pixel value of
each of a plurality of boundaries between each of the faces of the polyhedron based on the at least one pixel
value of each of the plurality of padding areas,
wherein the attributes of arrangement indicates corresponding relation between each of the plurality of areas
and each of the faces of the polyhedron.

13. The image processing method of claim 12,wherein the plurality of areas included in the input frame are divided
based on the second shape of each of the faces of the polyhedron and a number of the faces of the polyhedron.

14. An image processing method, comprising:

generating metadata including type information indicating a type of a polyhedron included in an input frame and
subtype information indicating attributes of arrangement of a plurality of areas for an output frame, wherein a
first shape of each of the plurality of areas corresponds to a second shape of each of faces of the polyhedron
included in the input frame respectively;
determining the type of the polyhedron included in the input frame based on the type information;
determining the attributes of arrangement of a plurality of areas for the output frame based on the subtype
information;
determining a pixel value of each of a plurality of boundaries between each of the faces of the polyhedron
included in the input frame; and
generating the output frame by mapping each of the faces to corresponding the plurality of areas respectively
based on the type of the polyhedron and the attributes of arrangement of the plurality of areas and by setting
at least one pixel value of each of a plurality of padding areas between each of the plurality of areas based on
the pixel value of each of the plurality of boundaries,
wherein the attributes of arrangement indicates corresponding relation between each of the plurality of areas
and each of the faces of the polyhedron.
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Patentansprüche

1. Bildverarbeitungsvorrichtung, die Folgendes umfasst:

eine Schnittstelle; und
einen Prozessor, der zu Folgendem konfiguriert ist:

durch die Schnittstelle, Empfangen eines Eingangsframes einschließlich einer Vielzahl von Bereichen und
einer Vielzahl von Padding-Bereichen zwischen jedem aus der Vielzahl von Bereichen, und von Metadaten
einschließlich Typeninformationen, die einen Typ von Polyeder für einen Ausgangsframe angeben, und
Subtypeninformationen, die Anordnungsattribute der Vielzahl von in dem Eingangsframe enthaltenen Be-
reichen angeben, wobei eine erste Form jedes aus der Vielzahl von Bereichen einer zweiten Form jeweils
jeder der Flächen des Polyeders für den Ausgangsframe entspricht,
Bestimmen des Typs von Polyeder für den Ausgangsframe basierend auf den in den empfangenen Meta-
daten enthaltenen Typeninformationen,
Bestimmen der Anordnungsattribute der Vielzahl von in dem Eingangsframe enthaltenen Bereichen basie-
rend auf den in den empfangenen Metadaten enthaltenen Subtypeninformationen,
Bestimmen wenigstens eines Pixelwertes jedes aus der Vielzahl von in dem Eingangsframe enthaltenen
Padding-Bereichen, und
Durchführen einer Bildsynthese an dem Ausgangsframe mittels Abbilden jedes aus der Vielzahl von Be-
reichen jeweils auf entsprechende Flächen des Polyeders, und zwar basierend auf dem Typ von Polyeder,
der durch die Typeninformationen identifiziert wurde, und auf den Anordnungsattributen der Vielzahl von
Bereichen, die durch die Subtypeninformationen identifiziert wurden, und mittels Einstellen eines Pixelwer-
tes jeder aus einer Vielzahl von Begrenzungen zwischen den jeweiligen Flächen des Polyeders basierend
auf dem wenigstens einen Pixelwert jedes aus der Vielzahl von Padding-Bereichen,
wobei die Anordnungsattribute eine entsprechende Beziehung zwischen jedem aus der Vielzahl von Be-
reichen und jeder der Flächen des Polyeders angeben.

2. Bildverarbeitungsvorrichtung nach Anspruch 1, wobei jeder aus der Vielzahl von in dem Eingangsframe enthaltenen
Bereichen basierend auf der zweiten Form jeder der Flächen des Polyeders und einer Anzahl der Flächen des
Polyeders geteilt wird.

3. Bildverarbeitungsvorrichtung nach Anspruch 2, wobei eine Anzahl der Vielzahl von Bereichen größer oder gleich
der Anzahl von Flächen des Polyeders ist.

4. Bildverarbeitungsvorrichtung nach Anspruch 1, wobei es sich bei dem Polyeder um einen regelmäßigen Polyeder
handelt.

5. Bildverarbeitungsvorrichtung nach Anspruch 1, wobei die Metadaten weiterhin Abstimmungsinformationen enthal-
ten, und
wobei der Prozessor weiterhin zu Folgendem konfiguriert ist:

Bestimmen von Positionen und Richtungen, in denen die Vielzahl von Bereichen auf die entsprechenden Flächen
des Polyeders abgebildet wird, und zwar basierend auf den Abstimmungsinformationen, und
Abbilden der Vielzahl von Bereichen auf die entsprechenden Flächen des Polyeders, und zwar basierend auf
den bestimmten Positionen und Richtungen.

6. Bildverarbeitungsvorrichtung nach Anspruch 5, wobei der Prozessor weiterhin dazu konfiguriert ist, die Positionen
und Richtungen, in denen die Vielzahl von Bereichen auf die entsprechenden Flächen des Polyeders abgebildet
wird, zu bestimmen, und zwar basierend auf Informationen betreffend erste Koordinaten, die eine Position jedes
Eckpunkts des Polyeders angeben, Informationen betreffend zweite Koordinaten, die die Positionen der Eckpunkte
jedes aus der Vielzahl von Bereichen angeben, und auf Mesh-Informationen, die eine entsprechende Beziehung
zwischen den Informationen betreffend die ersten Koordinaten und den Informationen betreffend die zweiten Ko-
ordinaten angeben, und
wobei die Informationen betreffend die ersten Koordinaten, die Informationen betreffend die zweiten Koordinaten
und die Mesh-Informationen in den Abstimmungsinformationen enthalten sind.

7. Bildverarbeitungsvorrichtung nach Anspruch 1, die weiterhin eine Sensoreinheit umfasst, die dazu konfiguriert ist,
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die Sichtlinie eines Benutzers zu erfassen,
wobei der Prozessor weiterhin zu Folgendem konfiguriert ist:

Bestimmen eines Sichtfeldes (FOV, Field Of View) basierend auf einer Richtung der Sichtlinie des Benutzers, und
Durchführen einer Bildsynthese an einem Bild eines dem FOV entsprechenden Bereichs innerhalb des Aus-
gangsframes.

8. Bildverarbeitungsvorrichtung, die Folgendes umfasst:

eine Speichereinheit, die dazu konfiguriert ist, einen Eingangsframe zu speichern; und
einen Prozessor, der zu Folgendem konfiguriert ist:

Erzeugen von Metadaten einschließlich Typeninformationen, die einen Typ eines in dem Eingangsframe
enthaltenen Polyeders angeben und Subtypeninformationen, die Anordnungsattribute einer Vielzahl von
Bereichen für einen Ausgangsframe angeben, wobei eine erste Form jedes aus der Vielzahl von Bereichen
einer zweiten Form jeweils jeder der in dem Eingangsframe enthaltenen Flächen des Polyeders entspricht,
Bestimmen des Typs von in dem Eingangsframe enthaltenem Polyeder basierend auf den Typeninforma-
tionen,
Bestimmen von Anordnungsattributen einer Vielzahl von Bereichen für den Ausgangsframe basierend auf
den Subtypeninformationen,
Bestimmen eines Pixelwertes jeder aus einer Vielzahl von Begrenzungen zwischen jeder der Flächen des
in dem Eingangsframe enthaltenen Polyeders,
Erzeugen des Ausgangsframes mittels Abbilden jeder der Flächen jeweils auf eine entsprechende Vielzahl
von Bereichen, und zwar basierend auf dem Typ von Polyeder und den Anordnungsattributen der Vielzahl
von Bereichen, und mittels Einstellen wenigstens eines Pixelwertes jedes aus einer Vielzahl von Padding-
Bereichen zwischen jedem aus der Vielzahl von Bereichen, und zwar basierend auf dem Pixelwert jeder
aus der Vielzahl von Begrenzungen, und
Speichern der Metadaten und des Ausgangsframes in der Speichereinheit,
wobei die Anordnungsattribute die entsprechende Beziehung zwischen jedem aus der Vielzahl von Berei-
chen und jeder der Flächen des Polyeders angeben.

9. Bildverarbeitungsvorrichtung nach Anspruch 8, wobei jeder aus der Vielzahl von in dem Ausgangsframe enthaltenen
Bereichen basierend auf der zweiten Form jeder der wenigstens einen Fläche des Polyeders und einer Anzahl der
Flächen des Polyeders geteilt wird.

10. Bildverarbeitungsvorrichtung nach Anspruch 9, wobei eine Anzahl der Vielzahl von Bereichen größer oder gleich
der Anzahl der Flächen des Polyeders ist.

11. Bildverarbeitungsvorrichtung nach Anspruch 8, wobei es sich bei dem Polyeder um einen regelmäßigen Polyeder
handelt.

12. Bildverarbeitungsverfahren, das Folgendes umfasst:

Empfangen eines Eingangsframes einschließlich einer Vielzahl von Bereichen und einer Vielzahl von Padding-
Bereichen zwischen jedem aus der Vielzahl von Bereichen, und von Metadaten einschließlich Typeninforma-
tionen, die einen Typ von Polyeder für einen Ausgangsframe angeben, und Subtypeninformationen, die Anord-
nungsattribute der Vielzahl von in dem Eingangsframe enthaltenen Bereichen angeben, wobei eine erste Form
jedes aus der Vielzahl von Bereichen einer zweiten Form jeweils jeder der Flächen des Polyeders für den
Ausgangsframe entspricht,
Bestimmen des Typs eines für den Ausgangsframe enthaltenen Polyeders basierend auf in Metadaten enthal-
tenen Typeninformationen;
Bestimmen der Anordnungsattribute der Vielzahl von in einem Eingangsframe enthaltenen Bereichen basierend
auf in den Metadaten enthaltenen Subtypeninformationen;
Bestimmen wenigstens eines Pixelwertes jedes aus der Vielzahl von in dem Eingangsframe enthaltenen Pad-
ding-Bereichen, und
Durchführen einer Bildsynthese an dem Ausgangsframe mittels Abbilden jedes aus der Vielzahl von Bereichen
jeweils auf entsprechende Flächen des Polyeders, und zwar basierend auf dem Typ von Polyeder, der durch
die Typeninformationen identifiziert wurde, und auf den Anordnungsattributen der Vielzahl von Bereichen, die
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durch die Subtypeninformationen identifiziert wurden, und mittels Einstellen eines Pixelwertes jeder aus einer
Vielzahl von Begrenzungen zwischen den jeweiligen Flächen des Polyeders basierend auf dem wenigstens
einen Pixelwert jedes aus der Vielzahl von Padding-Bereichen,
wobei die Anordnungsattribute eine entsprechende Beziehung zwischen jedem aus der Vielzahl von Bereichen
und jeder der Flächen des Polyeders angeben.

13. Bildverarbeitungsverfahren nach Anspruch 12, wobei die Vielzahl von in dem Eingangsframe enthaltenen Bereichen
basierend auf der zweiten Form jeder der Flächen des Polyeders und einer Anzahl der Flächen des Polyeders
geteilt wird.

14. Bildverarbeitungsverfahren, das Folgendes umfasst:

Erzeugen von Metadaten einschließlich Typeninformationen, die einen Typ eines in einem Eingangsframe
enthaltenen Polyeders angeben, und Subtypeninformationen, die Anordnungsattribute einer Vielzahl von Be-
reichen für einen Ausgangsframe angeben, wobei eine erste Form jedes aus der Vielzahl von Bereichen einer
zweiten Form jeweils jeder der in dem Eingangsframe enthaltenen Flächen des Polyeders entspricht;
Bestimmen des Typs von in dem Eingangsframe enthaltenem Polyeder basierend auf den Typeninformationen;
Bestimmen von Anordnungsattributen einer Vielzahl von Bereichen für den Ausgangsframe basierend auf den
Subtypeninformationen;
Bestimmen eines Pixelwertes jeder aus einer Vielzahl von Begrenzungen zwischen jeder der Flächen des in
dem Eingangsframe enthaltenen Polyeders, und
Erzeugen des Ausgangsframes mittels Abbilden jeder der Flächen jeweils auf die entsprechende Vielzahl von
Bereichen, und zwar basierend auf dem Typ von Polyeder und den Anordnungsattributen der Vielzahl von
Bereichen, und mittels Einstellen wenigstens eines Pixelwertes jedes aus einer Vielzahl von Padding-Bereichen
zwischen jedem aus der Vielzahl von Bereichen, und zwar basierend auf dem Pixelwert jeder aus der Vielzahl
von Begrenzungen,
wobei die Anordnungsattribute eine entsprechende Beziehung zwischen jedem aus der Vielzahl von Bereichen
und jeder der Flächen des Polyeders angeben.

Revendications

1. Dispositif de traitement d’image, comprenant :

une interface, et
un processeur conçu pour :

recevoir, par le biais de l’interface, une trame d’entrée comprenant une pluralité de zones et une pluralité
de zones d’espacement entre les diverses zones, et des métadonnées comprenant des informations de
type indiquant le type d’un polyèdre relativement à une trame de sortie et des informations de sous-type
indiquant les attributs d’agencement de la pluralité de zones incluses dans la trame d’entrée, étant entendu
qu’une première forme des diverses zones correspond respectivement à une deuxième forme des diverses
faces du polyèdre relativement à la trame de sortie,
déterminer le type du polyèdre relativement à la trame de sortie compte tenu des informations de type
incluses dans les métadonnées reçues,
déterminer les attributs d’agencement de la pluralité de zones incluses dans la trame d’entrée compte tenu
des informations de sous-type incluses dans les métadonnées reçues,
déterminer au moins une valeur de pixel des diverses zones d’espacement incluses dans la trame d’entrée,
et
effectuer le rendu de la trame de sortie par mappage des diverses zones sur les faces correspondantes
du polyèdre, respectivement, compte tenu du type du polyèdre identifié grâce aux informations de type et
des attributs d’agencement de la pluralité de zones identifiées grâce aux informations de sous-type et par
réglage d’une valeur de pixel des diverses délimitations entre les diverses faces du polyèdre compte tenu
de l’au moins une valeur de pixel des diverses zones d’espacement ;
lesdits attributs d’agencement indiquant la relation de correspondance entre les diverses zones et les
diverses faces du polyèdre.

2. Dispositif de traitement d’image selon la revendication 1, dans lequel les diverses zones incluses dans la trame
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d’entrée sont divisées compte tenu de la deuxième forme des diverses faces du polyèdre et du nombre de faces
du polyèdre.

3. Dispositif de traitement d’image selon la revendication 2, dans lequel le nombre de la pluralité de zones est supérieur
ou égal au nombre de faces du polyèdre.

4. Dispositif de traitement d’image selon la revendication 1, dans lequel le polyèdre est un polyèdre régulier.

5. Dispositif de traitement d’image selon la revendication 1, dans lequel les métadonnées comprennent en outre des
informations de mise en correspondance, et
dans lequel le processeur est conçu en outre pour :

déterminer les positions et directions selon lesquelles la pluralité de zones sont mappées sur les faces corres-
pondantes du polyèdre compte tenu des informations de mise en correspondance, et
mapper la pluralité de zones sur les faces correspondantes du polyèdre compte tenu des positions et directions
déterminées.

6. Dispositif de traitement d’image selon la revendication 5, dans lequel le processeur est conçu en outre pour déter-
miner les positions et directions selon lesquelles la pluralité de zones sont mappées sur les faces correspondantes
du polyèdre compte tenu d’informations concernant des premières coordonnées indiquant la position de chaque
sommet du polyèdre, d’informations concernant des deuxièmes coordonnées indiquant la position des sommets
des diverses zones, et d’informations de grille indiquant une relation de correspondance entre les informations
concernant les premières coordonnées et les informations concernant les deuxièmes coordonnées, et
dans lequel les informations concernant les premières coordonnées, les informations concernant les deuxièmes
coordonnées, et les informations de grille sont incluses dans les informations de mise en correspondance.

7. Dispositif de traitement d’image selon la revendication 1, comprenant en outre une unité de détection conçue pour
détecter la ligne de visée de l’utilisateur,
dans lequel le processeur est conçu en outre pour :

déterminer un champ de vision (FOV, field of view) compte tenu de la direction de la ligne de visée de l’utilisateur,
et
effectuer le rendu d’une image d’une zone correspondant au FOV au sein de la trame de sortie.

8. Dispositif de traitement d’image, comprenant :

une unité de stockage conçue pour stocker une trame d’entrée, et
un processeur conçu pour :

générer des métadonnées comprenant des informations de type indiquant le type d’un polyèdre inclus dans
la trame d’entrée et des informations de sous-type indiquant les attributs d’agencement d’une pluralité de
zones relativement à une trame de sortie, étant entendu qu’une première forme des diverses zones cor-
respond respectivement à une deuxième forme des diverses faces du polyèdre inclus dans la trame d’entrée,
déterminer le type du polyèdre inclus dans la trame d’entrée compte tenu des informations de type,
déterminer les attributs d’agencement d’une pluralité de zones relativement à la trame de sortie compte
tenu des informations de sous-type,
déterminer une valeur de pixel des diverses délimitations entre les diverses faces du polyèdre inclus dans
la trame d’entrée,
générer la trame de sortie par mappage des diverses faces sur une pluralité correspondante de zones,
respectivement, compte tenu du type du polyèdre et des attributs d’agencement de la pluralité de zones
et par réglage d’au moins une valeur de pixel des diverses zones d’espacement entre les diverses zones
compte tenu de la valeur de pixel des diverses délimitations, et
stocker les métadonnées et la trame de sortie dans l’unité de stockage,
lesdits attributs d’agencement indiquant la relation de correspondance entre les diverses zones et les
diverses faces du polyèdre.

9. Dispositif de traitement d’image selon la revendication 8, dans lequel les diverses zones incluses dans la trame de
sortie sont divisées compte tenu de la deuxième forme de chacune d’au moins une des faces du polyèdre et du
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nombre de faces du polyèdre.

10. Dispositif de traitement d’image selon la revendication 9, dans lequel le nombre de la pluralité de zones est supérieur
ou égal au nombre de faces du polyèdre.

11. Dispositif de traitement d’image selon la revendication 8, dans lequel le polyèdre est un polyèdre régulier.

12. Procédé de traitement d’image, comprenant les opérations consistant à :

recevoir une trame d’entrée comprenant une pluralité de zones et une pluralité de zones d’espacement entre
les diverses zones, et des métadonnées comprenant des informations de type indiquant le type d’un polyèdre
relativement à une trame de sortie et des informations de sous-type indiquant les attributs d’agencement de la
pluralité de zones incluses dans la trame d’entrée, étant entendu qu’une première forme des diverses zones
correspond respectivement à une deuxième forme des diverses faces du polyèdre relativement à la trame de
sortie,
déterminer le type du polyèdre inclus relativement à la trame de sortie compte tenu des informations de type
incluses dans les métadonnées,
déterminer les attributs d’agencement de la pluralité de zones incluses dans une trame d’entrée compte tenu
des informations de sous-type incluses dans les métadonnées,
déterminer au moins une valeur de pixel des diverses zones d’espacement incluses dans la trame d’entrée, et
effectuer le rendu de la trame de sortie par mappage des diverses zones à des faces correspondantes du
polyèdre respectivement, compte tenu du type du polyèdre identifié grâce aux informations de type et des
attributs d’agencement de la pluralité de zones identifiées grâce aux informations de sous-type et par réglage
d’une valeur de pixel des diverses délimitations entre les diverses faces du polyèdre compte tenu de l’au moins
une valeur de pixel des diverses zones d’espacement ;
lesdits attributs d’agencement indiquant la relation de correspondance entre les diverses zones et les diverses
faces du polyèdre.

13. Procédé de traitement d’image selon la revendication 12, dans lequel la pluralité de zones incluses dans la trame
d’entrée sont divisées compte tenu de la deuxième forme des diverses faces du polyèdre et du nombre de faces
du polyèdre.

14. Procédé de traitement d’image, comprenant les opérations consistant à :

générer des métadonnées comprenant des informations de type indiquant le type d’un polyèdre inclus dans
une trame d’entrée et des informations de sous-type indiquant les attributs d’agencement d’une pluralité de
zones relativement à une trame de sortie, étant entendu qu’une première forme des diverses zones correspond
respectivement à une deuxième forme des diverses faces du polyèdre inclus dans la trame d’entrée,
déterminer le type du polyèdre inclus dans la trame d’entrée compte tenu des informations de type,
déterminer les attributs d’agencement d’une pluralité de zones relativement à la trame de sortie compte tenu
des informations de sous-type,
déterminer une valeur de pixel des diverses délimitations entre les diverses faces du polyèdre inclus dans la
trame d’entrée, et
générer la trame de sortie par mappage des diverses faces sur une pluralité correspondante de zones, respec-
tivement, compte tenu du type du polyèdre et des attributs d’agencement de la pluralité de zones et par réglage
d’au moins une valeur de pixel des diverses zones d’espacement entre les diverses zones compte tenu de la
valeur de pixel des diverses délimitations ;
lesdits attributs d’agencement indiquant la relation de correspondance entre les diverses zones et les diverses
faces du polyèdre.
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